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FOREWORD 


SWOE  Report  94-12,  August  1994,  was  prepared  by  S.  Rivera,  Jr.  of  U.S. 
Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  Mississippi. 

This  report  is  a  contribution  to  the  Smart  Weapons  Operability  Enhancement 
(SWOE)  Program.  SWOE  is  a  coordinated,  Army,  Navy,  Marine  Corps  and  Air 
Force  program  initiated  to  enhance  performance  of  future  smart  weapon  systems. 

Performance  of  smart  weapons  can  vary  widely,  depending  on  the 
environment  in  which  the  systems  operate.  Temporal  and  spatial  dynamics  can 
significantly  impact  weapon  performance.  Testing  of  developmental  weapon 
systems  has  been  limited  to  a  few  selected  combinations  of  targets  and 
environmental  conditions,  primarily  because  of  the  high  costs  of  full-scale  field  tests 
and  limited  access  to  the  areas  or  events  for  which  performance  data  are  required. 

Performance  predictions  are  needed  for  a  broad  range  of  possible  battlefield 
environmental  conditions  and  targets.  Meeting  this  need  takes  advantage  of 
significant  DoD  investments  by  Army,  Navy,  Marine  Corps,  Air  Force  and  ARPA  in 
1)  basic  and  applied  environmental  research,  data  collection,  analysis,  modeling 
and  rendering  capabilities,  2)  extensive  target  measurement  capabilities  and 
geometry  models,  and  3)  currently  available  computational  capabilities. 

SWOE  is  developing,  validating,  and  demonstrating  the  capability  to  handle 
complex  target  and  background  environment  interactions  for  a  broad  range  of 
battlefield  conditions.  SWOE  is  providing  the  DoD  smart  weapons  and  autonomous 
target  recognition  (ATR)  communities  with  measurements,  information  bases, 
modeling  and  scene  rendering  techniques  for  complex  environments.  These  are 
products  of  a  DoD-wide  partnership  that  works  in  concert  with  both  advanced 
weapon  system  developers  and  major  weapon  system  test  and  evaluation 
programs. 

The  SWOE  program  started  in  FY89  under  Balanced  Technology  Initiative 
(BTI)  sponsorship.  Present  sponsorship  is  by  the  U.S.  Army  Corps  of  Engineers 
(lead  service),  the  individual  services,  and  the  Joint  Test  and  Evaluation  (JT&E) 
program  of  the  Office  of  the  Director  of  Test  &  Evaluation,  Office  of  the  Under 
Secretary  of  Defense  OUSD(A/DT&E). 

The  Joint  Test  Director  is  Dr.  J.P.  Welsh.  The  Deputy  Test  Directors  are: 
COL  Jerre  Wilson  (U.S.  Army)  and  Maj  Richard  Jennings  (U.S.  Air  Force).  The 
Modeling  Configuration  Manager  is  Dr.  George  G.  Koenig. 
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Preface 


The  analysis  activities  reported  herein  were  conducted  by  the  U.S.  Army 
Engineer  Waterways  Experiment  Station  (WES)  in  support  of  the  Smart  Weap¬ 
ons  Operability  Enhancement  (SWOE)  Joint  Test  and  Evaluation  (JT&E) 

Yuma  1  exercise  conducted  at  Yuma,  Arizona,  from  15  March  to 
30  April  1993.  This  effort  was  funded  by  the  Secretary  of  Defense  SWOE 
JT&E  Program  Office,  Hanover,  NH.  Dr.  J.  Pat  Welsh  was  the  Joint  Test 
Director,  and  LTC  Jerre  W.  Wilson  was  the  Army  Deputy  Director. 

WES  has  prepared  three  related  reports  in  support  of  the  Yuma  1  exercise 
for  the  SWOE/JT&E  Program.  These  are  as  follows: 

a.  'Yuma  1  Information  Base  for  Generation  of  Synthetic  Thermal  Scenes” 

b.  “Yuma  1  Site  Characterization  and  Data  Summary" 

c.  "Analysis  of  Thermal  Imagery  Collected  at  Yuma  l,  Yuma,  Arizona" 

This  study  was  conducted  under  the  general  supervision  of  Dr.  John  Harri¬ 
son,  Director,  Environmental  Laboratory  (EL),  WES;  Dr.  Robert  M.  Engler, 
Chief,  Natural  Resources  Division  (NRD),  EL;  Mr.  Harold  W.  West,  Chief, 
Environmental  Characterization  Branch  (ECB),  NRD;  and  under  the  direct 
supervision  of  Mr.  Charles  D.  Hahn,  WES  project  coordinator. 

Mr.  Salvador  Rivera,  Jr.,  ECB,  prepared  this  report.  Field  measurement 
support  was  provided  by  Messrs.  Hahn,  Thomas  E.  Berry,  Marvin  J.  Wooley, 
Clarence  Currie,  Jerrell  Ballard  of  ECB,  EL,  and  Messrs.  David  Leese  and 
Paul  Dew  of  Instrumentation  Service  Division,  WES. 

At  the  time  of  publication  of  this  report,  Director  of  WES  was 
Dr.  Robert  V/.  Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 


Tht  conunts  of  this  rtport  cut  not  to  bt  used  for  advtrtising,  publication, 
or  promotional  pur  posts ,  Citation  of  tradt  namgs  dots  not  constitutt  an 
official  tndorstment  or  approval  of  tkt  ust  of  such  commtrcial  products . 


Conversion  Factors,  Non-SI  to 
SI  Units  of  Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI  units 
t'S  follows: 


Multiply 

By 

To  Obtain 

degrees  (angle) 

0.01745329 

radians 

feet 

0.3048 

meters 

inches 

2.54 

centimeters 

1  Introduction 


The  Smart  Weapons  Operability  Enhancement  (SWOE)  Joint  Test  and 
Evaluation  (JT&E)  Program  is  a  Department  of  Defense  coordinated  multi  ser¬ 
vice  effort  to  address  problems  related  to  smart  weapon  system  development, 
test,  and  evaluation  (DT&E)  in  the  worldwide  range  of  battlefield  environment 
conditions.  The  thrust  of  the  Yuma  1  field  exercise  was  to  collect  environ¬ 
mental  data  necessary  to  generate  various  synthetic  thermal  scenes  and  to 
collect  thermal  infrared  image  data  for  use  in  the  validation  of  the  SWOE 
thermal  scene  generation  procedure. 


Background 

Future  smart  weapons  systems  will  be  forced  to  become  more  autonomous 
because  of  the  ever-shrinking  manpower  available  on  the  modem  battlefield. 
The  typical  approach  to  developing  smart  weapons  has  been  the  test-fix-test 
methodology  for  the  test  and  evaluation  phases  of  development.  Tests  or  tech¬ 
nology  demonstrations  are  scheduled,  and  the  proposed  system  is  thoroughly 
tested  under  various  environmental  conditions.  The  results,  however,  may  not 
be  similar  if  the  environmental  conditions  are  changed.  Also,  the  cost  of  this 
type  of  testing  is  extremely  high.  The  primary  thrust  of  the  SWOE  JT&E 
program  is  to  produce  a  validated  procedure  for  generation  of  synthetic  thermal 
and  millimeter  wave  images  that  accurately  “model”  the  environmental  condi¬ 
tions  and  can  then  be  processed  through  the  sensor  and  sensor  logic  to  produce 
results  representative  of  those  from  a  weapon  system  captive  flight  demonstra¬ 
tion,  all  at  a  much  lower  cost.  An  added  benefit  of  this  analytical  procedure 
allows  evolution  of  environmental  effects  so  that  the  sensor  logic  may  be  eval¬ 
uated  over  a  variety  of  background  and  weather  conditions  quickly  and 
efficiently. 


Objectives 

The  objectives  of  this  report  are  as  follows: 

a.  To  conduct  an  analysis  of  thermal  data,  collected  by  the  U.S.  Army 
Engineer  Waterways  Experiment  Station  (WES)  during  the  Yuma  1 
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field  program  exercise  15  March  to  30  April  1993,  to  understand  varia¬ 
tions  in  terrain  features’  infrared  (IR)  signatures  using  image  metrics 
and  to  present  the  data  in  a  format  that  could  be  used  for  synthetic 
image  validation  tasks. 

b.  To  present  in  graphical  format  the  meteorological  and  terrain  data  at  the 
time  the  IR  imagery  data  were  collected. 


Scope 

The  intent  of  this  report  is  to  describe  procedures  and  analysis  of  WES 
infrared  imagery.  The  data  and  results  are  presented  in  a  format  useful  for 
synthetic  image  validation  tasks.  The  WES  image  data  are  to  be  stored  in  the 
SWOE  program  database  and  made  available  to  the  DT&E  community. 
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2  Image  Data  Collection 
Procedures 


Site  Description 

The  SWOE  Yuma  1  imagery  collection  was  divided  into  two  primary  data 
collection  areas  on  either  side  of  a  large  ridge  where  the  ground-based  imaging 
equipment  was  located.  A  map  of  the  test  area  is  shown  in  Figure  1.  The 
western  ground  imaging  area  was  imaged  using  the  tower-based  Eglin  Air 
Force  Base  (AFB)  Thermal  Imaging  Processing  System  (20-deg  field  of  view 
(FOV))1  IR  equipment  and  was  located  between  SWOE  Sites  E  and  F  (also 
known  as  the  western  area).  The  terrain  in  this  western  area  consisted  of  sev¬ 
eral  small  secondary  washes  in  between  two  ridges.  There  was  very  little 
vegetation  in  this  area  exceot  along  the  washes.  The  eastern  imaging  area  (see 
Figure  1)  was  imaged  using  tower-based  (20-deg  FOV)  infrared  cameras  from 
the  U.S.  Army  Research  Laboratory  (ARL)  Battlefield  Environment  Directorate 
(BED)  and  from  the  U.S.  Army  Engineer  Cold  Regions  Research  and  Engi¬ 
neering  Laboratory  (CRREL).  The  ARL  Sensor  Signature  Signal  and  Informa¬ 
tion  (S3I)  Directorate  also  used  an  active  95  GH3  millimeter  wave  radar  system 
for  imaging  the  eastern  area.  The  eastern  area  was  located  in  the  vicinity  of 
SWOE  Sites  B,  C,  and  D,  and  the  terrain  consisted  of  a  primary  wash  and  a 
smaller  secondary  wash.  The  eastern  area  was  more  vegetated  than  the 
western  area,  with  dense  vegetation  occurring  along  the  washes  and  scattered 
shrubs  and  grasses  in  the  flat  terrain  between  the  two  washes.  More  detailed 
site  characterization  information  is  presented  in  another  publication.2 


1  A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI  units  is  presented  on 
page  vi. 

2  Hahn,  C.  D.  (1994).  “Yuma  1  site  characterization  and  data  summary,”  Technical  Report 
prepared  by  the  U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  MS,  for  the 
Smart  Weapons  Operability  Enhancement  Joint  Test  and  Evaluation  Program  Office, 
Hanover,  NH. 
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Description  and  Summary  of  Image  Data 
Collected 


During  the  Yuma  1  field  program  exercise  (15  March  -  30  April  1993), 
WES  also  collected  IR  (2-  to  5.6-pm  and  8-  to  12-pm  wave  bands)  data  on 
106  of  the  planned  array  of  188  1-hr  missions.  Additionally,  WES  collected 
data  during  three  diurnal  periods.  WES  used  an  Agema  900  Thermovision 
system  to  collect  high-resolution  imagery  of  several  desert  terrain  features  in  a 
narrow  FOV  (2.5-deg  FOV).  The  900  system  consisted  of  a  far-infrared 
(LWB)  and  a  midinfrared  (SWB)  thermal  imager  connected  to  a  specialized 
computer.  Table  1  shows  the  specifications  for  the  WES  IR  equipment.  The 
cameras  were  mounted  on  a  computer-controlled  mount  that  allowed  for 
360  deg  of  azimuth  rotation  and  approximately  70  deg  of  elevation  change. 
Attached  to  the  boom  of  a  WES  boom  truck,  this  mount  was  programmed  to 
allow  automatic  aiming  and  imaging  of  specific  terrain  features,  either  within 
the  western  area  or  eastern  area.  Appendix  A  provides  detailed  explanation  of 
the  image  data  collection  procedure. 

SWOE  image  data  were  collected  with  ground-based  IR  systems,  one  air¬ 
borne  IR  system  and  one  ground-based  active  millimeter  wave  band  system  by 
the  following  agencies:  WES,  CRREL/ARL-BED,  Eglin  AFB,  and  ARL-S3I. 
During  Yuma  1,  WES  collected  high-resolution  imagery  on  13  designated 
terrain  features  (see  next  section  for  terrain  features  description).  Terrain  fea¬ 
ture  imagery  was  collected  for  106  of  the  188  planned  1-hr  missions.  In  addi¬ 
tion  to  the  1-hr  missions,  WES  also  collected  terrain  feature  imagery  on  three 
24-hr  diumals.  The  three  diumals  were  executed  on  24  March,  8  April,  and 
26  April. 

During  missions,  a  typical  1-hr  data  collection  period  involved  aiming  at 
five  predetermined  imaging  locations  within  either  the  western  area  or  eastern 
area  and  collecting  10  IR  images  (5-LWB  and  5-SWB)  of  terrain  feature  data 
(one  frame  per  image).  The  terrain  features  imaged  within  both  areas  are 
described  in  the  Terrain  Features  section.  For  each  typical  1-hr  mission,  12 
measurement  times  (also  known  as  schedule  minutes)  were  randomly  selected 
and  used  as  the  IR  data  collection  schedule.  Features’  IR  imagery  was  col¬ 
lected  on  the  western  area  at  odd  scheduled  minutes  (1st,  3rd, ...  and  11th)  and 
on  the  eastern  area  at  even  scheduled  minutes  (2nd,  4th, ...  and  12th).  As  a 
consequent,  each  of  these  10  imaging  locations  were  imaged  six  times  during 
the  1-hr  mission.  Table  2  shows  the  schedule  followed  for  all  172  one-hour 
SWOE  missions:  Table  3  shows  the  12  scheduled  minutes  for  each  of  the  188 
one-hour  missions.  The  numbers  shown  in  Table  3  (columns  4-15)  repres  nt 
the  number  of  minutes  that  elapsed  after  the  start  of  the  mission  hour 
(column  2)  before  a  set  of  images  was  collected.  For  example,  for  mission 
number  1  (column  1),  the  western  area  images  (LWB  and  SWB  each)  were 
collected  in  the  4th  minute  of  hour  number  0.  The  eastern  area  images  were 
collected  in  the  5th  minute  of  hour  number  0. 
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One  scheduled  minute  from  the  twelve  was  randomly  selected,  and  the  IR 
imagery  collected  at  that  measurement  time  was  referred  as  the  critical  image 
set  (see  Table  3,  column  3);  this  report  refers  to  the  IR  imager  collected  by 
WES  during  the  nearest  measurement  lime  to  the  critical  image  set  as  the 
nearest  critical  image  set.  IR  imagery  collected  within  the  critical  image  set 
and  the  nearest  critical  image  set  are  the  only  data  used  in  the  discussion  of 
Analysis  of  Terrain  Features  During  Scheduled  SWOE  Missions  section. 

WES  collected  3  days  of  diurnal  data  equivalent  to  72  periods  of  1-hr  data 
collection  events.  For  the  three  diumals,  each  hour  of  data  collection  followed 
the  same  procedure  as  the  1-hr  missions  with  the  exception  that  no  critical 
image  set  was  used. 

For  the  first  diurnal  (24  March),  image  data  were  collected  for  every  other 
hour  beginning  at  0000  hr  and  ending  at  2200  hr.  The  imaging  sampling 
schedule  at  0000  hr  was  the  same  as  that  for  mission  number  25  'see  Table  3 
for  mission  sampling  schedule).  At  0200  hr,  the  sampling  schedule  was  the 
same  as  for  mission  number  27,  and  at  2200  hr,  the  sampling  schedule  for  mis¬ 
sion  number  47  was  used. 

On  the  second  and  third  diumals  (8  April  and  26  April),  contrary  to  the 
first  diurnal,  image  data  were  collected  for  every  single  hour  beginning  at 
0000  hr  and  ending  at  2300  hr.  The  imaging  sampling  schedule  for  the  second 
diurnal  at  0000  hr  was  the  same  as  that  for  mission  number  73  (see  Table  3 
for  mission  sampling  schedule).  At  0100  hr,  the  sampling  schedule  was  the 
same  as  that  for  mission  number  74,  and  at  2300  hr,  the  sampling  schedule  for 
mission  number  96  was  used.  The  third  diurnal  used  the  same  imaging 
sequence  as  that  for  the  second  diurnal,  but  was  based  on  the  sampling  sched¬ 
ule  of  the  missions  121  to  144. 

In  summary,  counting  diumals  and  missions,  WES  collected  a  total  of 
19,500  IR  images  during  the  Yuma  1  exercise.  Figure  2  provides  a  summary 
of  IR  imagery  collected. 


Terrain  Features 

Some  of  the  10  predetermined  imaging  locations  contained  more  that  one 
terrain  feature.  Therefore,  a  total  of  13  terrain  features  were  imaged:  6  terrain 
features  from  the  western  area  and  7  from  the  eastern  area.  The  six  terrain 
features  imaged  within  the  western  area  included  a  sloping  desert  pavement,  a 
flat  desert  pavement,  a  flat  grassy  area,  a  creosote  bush,  a  catclaw  tree,  and  a 
paloverde  tree.  Figure  3  contains  color  photographs  and  IR  images  (LWB)  of 
the  six  terrain  features  located  in  the  western  area.  The  features  are  enclosed 
by  a  polygon  in  both  the  color  photograph  and  the  IR  image:  for  the  IR  image, 
the  number  of  pixels  defining  the  terrain  feature  inside  the  polygon  is  also 
given. 
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The  seven  terrain  features  imaged  within  the  eastern  area  were  a  Texas 
sage,  a  creosote  bush,  a  paloverde  tree,  a  flat  mix  bare  soil/grass  area,  a  desert 
sage,  a  dead  paloverde  tree,  and  a  flat  bare  soil  area.  Figure  4  contains  color 
photographs  and  IR  images  (LWB)  of  the  seven  terrain  features  located  in  the 
eastern  area.  The  ER  images  were  obtained  using  a  2.50-  by  1.25-deg  FOV 
lens.  The  location  of  the  WES  sensors  was  universal  transverse  Mercator 
(UTM)  coordinates  756216  east  and  3650812  north.  UTM  coordinates  and 
relative  angles  (from  sensor  to  imaging  location)  of  the  10  predetermined 
imaging  locations  are  included  in  Table  4. 
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3  Meteorological  and  Terrain 
Data  Collected 


IR  data  were  collected  under  a  variety  of  meteorological  conditions  that 
affect  the  IR  signatures  (thermal  properties)  of  the  terrain  features  within  both 
the  western  and  eastern  area  (Figures  3  and  4).  The  purpose  of  this  chapter  is 
to  summarize  the  meteorological  conditions  that  occurred  during  Yuma  1  exer¬ 
cise  (IS  March  -  30  April  1993).  Meteorological  data  collected  and  provided 
by  ARL/BED  include  air  temperature  (°C),  solar  radiation  (watts/square  meter), 
relative  humidity  (percent),  barometric  pressure  (millibars),  wind  speed 
(meteis/second),  wind  direction  (degrees),  visibility  (kilometers),  and  rain 
precipitation  (millimeter/hour).  Meteorological  stations  were  located  at 
Sites  A,  B,  C,  D,  E,  and  F  (see  Figure  1);  data  were  collected  every  minute 
throughout  the  47-day  period.  The  meteorological  data  presented  in  this  chap¬ 
ter  are  the  combination  of  the  meteorological  stations  inside  the  eastern  area 
(Sites  B,  C,  and  D)  that  averaged  over  an  hour  (see  Appendix  B  for  listing). 

Measured  meteorological  conditions  throughout  the  test  period  are  shown  in 
Figure  5.  Of  the  47  days  of  data  collection,  43  days  exhibited  sunny  condi¬ 
tions,  3  days  exhibited  partly  cloudy  conditions,  and  only  1  day  exhibited 
cloudy  conditions.  Figure  5a  shows  that  the  partly  cloudy  days  occurred  on 
20MAR,  05 APR,  and  12 APR;  the  only  cloudy  day  occurred  on  26MAR.  With 
the  exception  of  26MAR,  the  air  temperature  (Figure  5a)  always  exhibited  high 
temperature  at  noon  and  low  temperatures  in  both  the  early  morning  and  late 
evening.  The  air  temperature  on  26MAR  (mean  10  °C)  showed  a  steady 
decrease,  which  actually  started  from  noon  of.  the  previous  day  until  the  morn¬ 
ing  of  the  next  day  (27MAR).  High  air  temperature  values  fluctuated  between 
25  and  35  °C  for  most  days. 

The  barometric  pressure  (Figure  5b)  showed  very  little  fluctuation  (970  to 
990  mb)  throughout  the  measurement  period.  Relative  humidity  (Figure  5b) 
was  very  low,  particularly  during  the  last  23  days  of  the  data  collection  exer¬ 
cise  (average  was  10  percent).  Relative  humidity  exhibited  highest  values 
between  26MAR  and  30MAR  with  peak  values  of  approximately  80  percent. 

The  wind  speed  (Figure  5c)  fluctuated  between  0  and  8  m/sec  with  the 
highest  wind  speed  occurring  on  19APR.  Wind  speed  varied  considerably 
from  day  to  day  exhibiting  high  speeds  (4  m/sec  or  more)  on  a  given  day  and 
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slow  speeds  (4  m/sec  or  less)  on  the  next  day.  The  wind  direction  (Figure  5c) 
most  of  the  time  blew  in  a  northerly  direction  (0°  =  north  and  90°  =  east). 

Good  visibility  (Figure  5d)  occurred  most  of  the  time,  especially  during  the 
first  30  days  of  the  Yuma  1  test.  However,  3  days  had  low  visibility: 

26MAR,  03APR,  and  15APR.  The  only  day  with  rain  precipitation  (Fig¬ 
ure  5d)  was  26MAR  with  approximately  1.0  mm  accumulated  rainfall. 

WES  collected  daily  soil  samples  at  each  of  the  meteorological  sampling 
sites  (Sites  A,  B,  C,  D,  E,  and  F),  and  measured  the  soil  moisture  using  a 
Troxler  4640  Thin  Layer  Density  Gauge,  a  Soiltest  Speedy  Moisture  Gauge, 
and  an  oven  dry  method.  Surface  vegetation  was  removed  from  the  site  and 
the  surface  leveled  for  positioning  of  the  Troxler.  A  reading  was  taken  (using 
the  Troxler),  and  two  small  tins  were  filled  with  soil  trom  the  site.  When  all 
the  samples  had  been  collected,  one  sample  from  each  site  was  weighed  using 
a  triple  beam.  Samples  were  dried  in  the  oven  for  24  hr,  reweighed,  then 
returned  to  the  oven  to  dry  for  an  additional  24  hr.  If  the  weight  of  the  tin 
remained  constant  over  the  second  24  hr,  then  the  moisture  was  calculated 
using  a  wet  weight  basis.  If  the  sample  weight  had  changed  during  the  second 
24-hr  period,  the  sample  was  left  in  the  oven  an  additional  24  hr.  The  second 
sample  of  soil  collected  at  each  site  was  used  to  determine  the  moisture  using 
the  Speedy  Moisture  Gauge.  The  four  primary  surface  soil  types  within  the 
test  area  were  desert  pavement  (characterized  by  a  layer  of  burnt  black  rock 
and  gravel  with  a  fine  silty  clay  sand),  pavement  wash  (characterized  by  some 
natural-colored  gravel  in  lower  areas  of  the  desert  pavement),  secondary 
washes  (characterized  by  gravei/soil  mix  with  some  vegetation  cover),  and 
developed  washes  (where  very  little  soil  existed  in  the  surface  layers  down  to 
3  to  4  in.).  More  information  about  soil  composition,  soil  moisture  data,  and 
instrumentation  is  presented  in  another  publication.1 

Soil  moisture  data  for  the  six  SWOE  sites  are  summarized  in  Table  5; 
information  included  the  maximum,  minimum,  and  average  soil  moisture  for 
each  of  the  sites.  Overall,  soil  moisture  was  very  low  (<10  percent)  except  for 
immediately  following  the  one  rain  event  that  occurred  on  27  March.  Addi¬ 
tional  moisture  samples  were  collected  on  that  day.  This  set  of  moisture  sam¬ 
ples  peaked  at  or  about  10  percent  for  readings  taken  using  the  Speedy  and  the 
oven  method  at  most  sites.  The  Troxler  reading  peaked  slightly  lower,  but  this 
is  due  to  the  Troxler’s  sampling  a  very  small  volume  of  soil  near  the  soil 
surface.  Appendix  C  contains  a  series  of  figures  depicting  graphically  the 
moisture  data  collected  at  each  of  the  six  sites  during  the  47  days  of  data  col¬ 
lection.  These  data  are  shown  in  the  vertical  line  on  sample  day  12  in  those 
figures. 


1  Hahn,  C.  D.  (1994).  “Yuma  1  site  characterization  and  data  summary,”  Technical  Report 
prepared  by  the  U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  MS,  for  the 
Smart  Weapons  Operability  Enhancement  Joint  Test  and  Evaluation  Program  Office, 
Hanover,  NH. 
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4  Analysis  of  IR-Measured 
Data  and  Meteorological 
Data 


IR  Imagery  Processing  Procedure 

The  flowchart  in  Figure  6  describes  the  procedure  used  to  process  all  of  the 
WES  imagery  collected  during  the  Yuma  1  exercise  (diumals  and  mission 
images).  The  four  general  steps  of  the  procedure  are  presented  in  the  follow¬ 
ing  paragraphs. 

First,  10  IR  images  containing  the  terrain  features  were  individually  dis¬ 
played  on  a  computer  screen;  for  each  of  the  13  terrain  features  (6  from  the 
western  area  and  7  from  the  eastern  area),  a  polygon  enclosing  the  terrain  fea¬ 
ture  was  digitized  (Figures  3  and  4).  The  coordinates  of  these  13  feature- 
polygons,  also  known  as  general  feature-polygons,  were  stored  to  be  used  in 
the  second  step. 

Second,  each  terrain  feature  image  to  be  processed  was  displayed  on  a 
computer  screen  with  the  corresponding  general  feature-polygon(s)  super¬ 
imposed;  three  terrain  feature  images  contained  more  than  one  terrain  feature. 
At  this  point,  if  necessary,  the  user  could  shift  the  polygon(s)  around  (with 
arrow  keys/mouse)  to  make  sure  it  enclosed  the  terrain  feature.  Then,  polygon 
coordinates  of  each  terrain  feature  were  stored  in  a  separate  file.  This  second 
step  was  performed  for  every  terrain  feature  image  to  be  processed  so  that  at 
the  end,  each  terrain  feature  would  have  its  own  polygon  coordinate  file. 

Third,  image  metrics  were  computed  on  all  of  the  terrain  feature  images  to 
be  processed  by  using  all  the  pixels  within  the  polygon  enclosing  the  terrain 
features.  Image  metric  results  were  stored  in  a  database  for  interpretation  and 
analysis. 

Fourth,  terrain  feature  IR  imagery  analysis  was  performed  by  plotting  and 
interpreting  image  metric  results  from  the  previous  step. 
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Image  Metrics  Computation 


Image  metric  parameters  were  used  to  analyze  and  compare  terrain  features 
IR  signatures  (thermal  properties).  Temperature  histograms  (0. 1  °C  bin  size) 
of  terrain  features  were  generated,  and  image  metric  parameters  were  computed 
to  describe  their  distributions.  Image  data  from  the  first  diumal  (24MAR93) 
were  used  to  show  the  temperature  distribution  of  terrain  features  in  both  west¬ 
ern  and  eastern  imaging  areas.  Figures  3  and  4  contain  color  photographs  and 
IR  images  (LWB)  of  the  terrain  features  located  in  both  imaging  areas.  The 
terrain  features  are  enclosed  by  a  polygon  in  both  the  color  photograph  and  the 
IR  image;  for  the  IR  image,  the  number  of  pixels  defining  the  feature  inside 
the  polygon  was  also  given.  Each  digital  pixel  value  inside  the  polygon  was 
converted  into  temperature  (°C),  and  a  temperature  distribution  histogram  was 
constructed.  Appendix  D  shows  temperature  histogram  plots  of  the  terrain 
features  around  the  clock  (0000,  0600,  1200,  and  1600  hr)  in  both  wave  bands 
(LWB  and  SWB). 

The  total  number  of  temperature  data  points  (pixels)  varied  from  terrain 
feature  to  terrain  feature  depending  on  the  size.  The  sloping  desert  pavement 
within  the  western  area  was  the  feature  with  the  largest  number  of  temperature 
data  points  (33,401  data  points),  while  the  dead  paloverde  tree  within  the  east¬ 
ern  area  contained  the  fewest  with  698  data  points.  Three  important  pieces  of 
information  can  be  determined  from  these  histograms;  the  shape  of  the  tem¬ 
perature  distribution,  the  number  of  data  points,  and  the  variation  in  tempera¬ 
ture  of  these  terrain  features  throughout  the  day. 

The  image  metric  parameters  used  in  this  report  are  valid  for  any  distribu¬ 
tion;  their  validity  does  not  depend  on  normality  of  the  underlying  temperature 
distribution.  Inspection  of  temperature  histogram  charts  suggests  that  the  dis¬ 
tributions  are  far  from  normal  during  much  of  the  day.  In  addition,  the  skew¬ 
ness  parameter  discussed  later  in  the  analysis  of  diumals  and  missions  shows 
that  large  values,  both  positive  and  negative,  imply  that  the  distributions  are  far 
from  normal. 

Image  metrics  were  used  to  describe  the  distribution  of  specific  terrain 
features  within  a  digital  image.  Eleven  different  scene  metrics  were  computed; 
all  characterize  the  data-space  distribution  of  temperature  (°C).  These  1 1 
measures  were  computed  from  the  terrain  feature  temperature  distribution 
histograms:  the  minimum  value  (MIN),  the  5-percentile  value  (PERC_05),  the 
median  value  (MEDIAN),  the  mode  (MODE),  the  95-percentile  value 
(PERC_95),  the  maximum  value  (MAX),  and  the  difference  between  the  95- 
and  5-percentile  (RNG_90).  The  first,  second,  and  third  moments  of  the  distri¬ 
bution  of  temperature  values  within  the  designated  region  (mean,  standard 
deviation,  and  skewness)  are  also  computed. 

T  ;  metrics  mean,  median,  and  mode  were  used  to  measure  the  central 
tendency  of  feature  temperature  distributions.  The  metrics  standard  deviation 
and  RNG_90  were  computed  to  measure  the  thermal  variability  of  these  terrain 
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features  throughout  the  day.  The  metric  standard  deviation  describes  the 
spread  of  the  data  points  from  the  mean  value  of  the  population,  while  the 
RNG_90  implies  that  90  percent  of  the  population  around  the  center  have  a 
range  of  so  many  degrees.  Finally,  the  metric  skewness  is  the  degree  of  asym¬ 
metry,  or  departure  from  symmetry,  of  a  terrain  feature  temperature  distribu¬ 
tion.  A  positive  value  means  that  the  distribution  has  a  longer  tail  to  the  right 
of  the  central  maximum  or  that  the  distribution  is  skewed  toward  wanner  tem¬ 
peratures  than  the  central  maximum  temperature.  A  negative  number  means 
that  the  distribution  has  a  longer  tail  to  the  left  of  the  central  maximum  or  that 
the  distribution  is  skewed  toward  cooler  temperatures  than  the  central  maxi¬ 
mum  temperature.  A  value  of  zero  means  that  the  distribution  is  symmetrical 
on  both  sides  of  the  central  maximum  temperature. 


Methodology  in  the  Analysis  of  Terrain  Features’ 
IR  Imagery  Collected  During  Diurnals 

The  purpose  of  diurnal  IR  imagery  analysis  was  to  study  the  IR  signatures 
(thermal  properties)  of  the  terrain  features,  located  within  both  the  western  and 
eastern  area,  as  a  function  of  time  throughout  a  24-hr  day  period.  Image  met¬ 
rics  parameters  were  used  to  study  the  terrain  features’  IR  signatures;  also, 
image  metrics  results  were  graphically  depicted  such  that  direct  comparison 
among  13  terrain  features  could  be  possible. 

Because  of  the  large  amount  of  IR  imagery  available,  it  was  decided  to 
analyze  each  diurnal  individually.  The  format  in  which  the  results  from  each 
of  the  three  diurnals  were  presented  is  the  same.  Initially,  the  meteorological 
conditions  during  the  image  data  collection  were  graphically  depicted.  Then 
the  subset  of  terrain  feature  IR  imagery  selected  for  processing  was  described. 
Finally,  image  metrics  results  were  presented  as  graphical  plots  and  interpreted. 

Image  metric  results  were  divided  among  the  following  four  data  groups: 
LWB  data  from  the  western  area,  SWB  data  from  the  western  area,  LWB  data 
from  the  eastern  area,  and  SWB  data  from  the  eastern  area.  For  the  terrain 
features’  temperature  distributions,  each  group  of  data  contained  three  plots 
showing  the  central  tendency  (mode,  median,  and  mean),  the  thermal  variabil¬ 
ity  (standard  deviation  and  RNG_9Q),  and  the  distribution  shape  (skewness) 
throughout  a  24-hr  day.  For  all  cases,  the  mode,  median,  and  mean  were  the 
same  value,  indicating  a  single  mode  central  tendency  of  the  data. 


Analysis  of  Terrain  Feature  Signatures  for 
Diurnal  1 


Figure  7  shows  plots  of  the  meteorological  conditions  during  24MAR93 
when  diurnal  1  was  executed.  Some  of  the  meteorological  conditions  high¬ 
lighted  are  as  follows: 
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a.  Partly  cloudy  between  noon  and  1700  hr,  maximum  solar  radiation 
value  was  900  WAn1. 

b.  Fairly  constant  air  temperature;  mean  value  was  23  °C. 

c.  Fairly  constant  barometric  pressure;  mean  value  was  985  mb. 

d.  Relative  humidity  varied  between  50  and  30  percent,  decreasing  some¬ 
what  between  noon  and  1700  hr. 

<?.  Wind  speed  varied  between  0  and  5  m/sec,  with  maximum  values  dur¬ 
ing  the  daytime  hours. 

/.  Good  and  fairly  constant  visibility  (46  km). 

g.  No  rain  precipitation. 

Image  metrics  were  computed  on  a  subset  of  the  total  IR  imagery  collected 
(see  Description  and  Summary  of  Image  Data  Collected  section);  for  diurnal  1, 
image  metrics  were  computed  on  480  IR  images  of  terrain  features.  The  com¬ 
putation  was  as  follows:  image  metrics  were  computed  on  terrain  features' 
imagery  collected  at  the  sampling  periods  number  1,2,  1 1,  and  12  of  each 
imaging  hour.  Ten  IR  images  (five  LWB,  five  SWB),  one  frame  per  image, 
were  collected  at  each  of  the  four  sampling  periods.  Consequently,  40  IR 
images  were  processed  per  hour;  diurnal  1  contained  12  hr  of  image  data. 
Therefore,  a  total  of  480  IR  images  were  processed  for  diurnal  1.  Meteorolog¬ 
ical  data  at  the  time  the  imagery  was  collected  (to  the  near  minute)  and  image 
metric  results  are  listed  in  Appendix  E  for  diurnal  1. 

Figure  8  depicts  the  LWB  thermal  signatures  of  the  six  terrain  features 
within  the  western  area.  Figure  8a  shows  that  both  sloping  and  fiat  desen 
pavement  exhibited  warmer  mean  temperatures  (max  =  43  °C,  min  =  7  °Q 
than  both  the  flat  grassy  area  and  tree  features  (max  =  35  5C,  min  =  10  °Q 
during  daytime  hours  and  slightly  cooler  mean  temperatures  during  nighttime 
hours.  Both  sloping  and  flat  desen  pavement  features  exhibited  a  very  similar 
mean  temperature  profile  throughout  the  day,  while  the  trees  also  exhibited  a 
similar  mean  temperature  profile. 

All  terrain  features  (Figure  8b)  exhibited  very  small  thermal  variability 
(standard  deviation  (STDEV)  less  than  1  °C,  and  RNG_90  less  than  3  °C). 
Terrain  features’  thermal  variability  remained  steady  during  nighttime  hours 
and  increased  slowly  throughout  daytime  hours,  reaching  the  maximum  value 
around  1300  hr.  The  paloverde  tree  exhibited  slightly  higher  thermal  variabil¬ 
ity  than  the  other  terrain  features.  The  terrain  features’  mean  temperature  and 
thermal  variability  were  affected  by  the  meteorological  conditions  given  that 
the  afternoon  was  partly  cloudy  and  the  air  temperature  increased  slightly 
throughout  the  24-hr  day. 
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The  tree  and  bush  features’  temperature  distributions  (Figure  8c)  were 
skewed  toward  warmer  temperatures  during  daytime  hours  and  slightly  skewed 
toward  cooler  temperatures  during  nighttime  hours.  This  skewness  behavior 
was  due  mainly  to  the  composition  of  two  materials  (tree  or  bush  and  soil  in 
the  background)  with  different  IR  signatures.  The  bush  and  tree  features  were 
skewed  toward  wanner  temperatures  during  daytime  hours  because  the  soil  in 
the  background  was  warmer  than  them  at  that  time  of  the  day  and  slightly 
skewed  toward  cooler  temperatures  during  nighttime  hours  because  the  soil 
was  a  little  cooler  than  them  during  nighttime  hours.  The  sloping  desen  pave¬ 
ment  feature  distribution  was  noticeably  skewed  toward  cooler  temperatures 
during  daytime  hours,  but  not  significantly  skewed  during  nighttime  hours. 

The  flat  desen  pavement  and  grassy  area  exhibited  very  small  skewness  values 
(almost  zero)  throughout  the  24-hr  day;  this  means  that  their  temperature  dis¬ 
tributions  during  diurnal  1  were  very  symmetrical  about  the  mode  temperature. 

Figure  9  shows  the  SWB  thermal  signatures  of  the  six  terrain  features 
within  the  western  area.  Compared  with  LWB  data,  terrain  features  in  the 
SWB  exhibited  similar  thermal  signatures  profiles  throughout  the  24-hr-day 
period.  The  SWB  data  exhibited  more  thermal  variability  (STDEV  less  than 
2  °C  and  RNG_90  less  than  6  °C)  during  daytime  hours;  also,  terrain  features’ 
temperature  distributions,  especially  the  tree  and  bush  features,  were  more 
skewed  toward  warmer  temperatures  during  daytime  hours. 

Cloudy  skies  during  the  afternoon  hours  somewhat  affected  the  IR  signa¬ 
tures  of  the  features  within  the  eastern  area,  especially  in  the  LWB  data.  Fig¬ 
ure  10  shows  the  LWB  thermal  signatures  of  the  seven  terrain  features  within 
the  eastern  area.  The  flat  bare  soil  and  mix  bare  soil/grassy  area  in  Figure  10a 
(max  =  40  °C,  min  *  8  °C)  exhibited  warmer  mean  temperatures  than  the  tree 
and  bush  features  (max  =  35  °C,  min  =  8  °C)  during  daytime  hours  and  simi¬ 
lar  mean  temperatures  during  nighttime  hours.  The  flat  mix  bare  soil/grassy 
area  followed  by  the  bare  soil  area  (Figure  10b)  also  exhibited  more  thermal 
variability  (MAX_STDEV  -  2  °C,  MAX_RNG90  =  6  °C)  than  the  tree  and 
bush  features.  The  tree  and  bush  features  exhibited  very  little  thermal  variabil¬ 
ity  throughout  the  day.  The  dead  paloverde  tree  showed  some  thermal  vari¬ 
ability  because  it  was  somewhat  difficult  to  accurately  enclose  the  dead  tree 
with  the  polygon;  therefore,  some  background  pixels  were  also  measured. 

The  flat  soil  features  exhibited  very  small  skewness  values  throughout  the 
day,  meaning  that  their  temperature  distributions  were  fairly  symmetrical  about 
the  mode  temperature  of  the  distribution.  Temperature  distributions  of  both 
the  creosote  bush  and  the  paloverde  tree  were  a  little  skewed  toward  warmer 
temperatures  during  daytime  hours.  The  other  terrain  features  did  not  show 
noticeable  skewness. 

Figure  1 1  depicts  the  SWB  thermal  signatures  of  the  seven  terrain  features 
within  the  eastern  area.  Terrain  features  exhibited  similar  thermal  signatures  as 
in  the  LWB  with  the  exception  of  more  thermal  variability  in  the  flat  bare  soil, 
flat  mix  grassy/bare  soil  area,  and  creosote  bush.  In  the  SWB  data, 
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temperature  distributions  of  both  the  creosote  hush  and  the  paloverde  tree  were 
more  skewed  toward  warmer  temperatures  during  daytime  hours. 


Analysis  of  Terrain  Feature  Signatures  for 
Diurnal  2 

Figure  12  depicts  the  meteorological  conditions  during  08APR93  when 
diurnal  2  was  executed.  Some  of  the  meteorological  conditions  highlighted  arc 
as  follows: 

a.  Sunny  all  day;  maximum  solar  radiation  value  was  900  W/m\ 

b.  Fairly  constant  air  temperature;  mean  value  was  23  °C. 

c.  Fairly  constant  barometric  pressure;  mean  value  was  987  mb. 

d.  Fairly  constant  relative  humidity;  mean  value  was  15  percent. 

e.  Wind  speed  varied  between  1  and  4  m/sec. 

/.  Good  visibility  of  50  km,  decreasing  to  30  km  between  0900  and 
1100  hr. 

g.  No  rain  precipitation. 

For  diurnal  2,  image  metrics  were  computed  on  960  IR  images  of  terrain 
features.  The  computation  was  the  same  as  for  diurnal  1,  with  the  exception 
that  diurnal  2  contained  24  hr  of  IR  data  instead  of  12  hr.  Meteorological  data 
at  the  time  the  imagery  was  collected  (to  the  near  minute)  and  image  metric 
results  are  listed  in  Appendix  F  for  diurnal  2. 

Contrary  to  diurnal  1,  diurnal  2  was  executed  under  sunny-day  conditions 
and  higher  air  temperature  values.  As  result,  terrain  features  exhibited  similar 
IR  signature  profiles  throughout  the  24-hr-day  period,  but  the  mean  tempera¬ 
ture,  thermal  variability,  and  skewness  values  were  higher. 

Figure  13  reflects  the  LWB  thermal  signatures  of  the  terrain  features  within 
the  western  area.  Figure  13a  shows  that  both  sloping  and  flat  desert  pavement 
features  exhibited  warmer  mean  temperatures  (max  =  50  °C,  min  =  0  °Q  than 
the  flat  grassy  area  and  tree  and  bush  features  (max  =  40  °C,  min  =  10  °C) 
during  daytime  hours  and  slightly  cooler  mean  temperatures  during  nighttime 
hours.  Figure  13b  shows  that  the  sloping  desert  pavement  feature  exhibited 
higher  thermal  variability  (S'TDEV  between  0  and  3  °C,  and  RNG_90  between 
1  and  8  °C)  than  the  rest  of  the  terrain  features;  the  other  terrain  features 
exhibited  similar  thermal  variability  (STDEV  between  0  and  1.5  °C,  and 
RNG.90  between  1  and  4  °C). 
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During  daytime  houre,  the  sloping  desert  pavement  temperature  distribution 
was  noticeably  skewed  toward  cooler  temperatures  (Figure  13c),  while  both  the 
paloverde  tree  and  catclaw  tree  temperature  distributions  were  skewed  toward 
wanner  temperatures  (see  analysis  of  diurnal  1  for  explanation).  During  night¬ 
time  hours,  the  process  was  reversed,  but  the  skewness  was  less  noticeable. 

The  flat  soil  features  were  not  noticeably  skewed  throughout  the  day. 

Figure  14  depicts  the  SWB  thermal  signatures  of  the  terrain  features  within 
the  western  area.  Compared  with  the  LWB  data,  terrain  feature  signatures  in 
the  SWB  exhibited  similar  mean  temperatures  during  daytime  hours  and 
warmer  temperatures  during  nighttime  hours.  In  general,  SWB  data  also 
exhibited  more  thermal  variability  and  similar  skewness  values  during  daytime 
hours,  especially  for  the  sloping  desert  pavement  and  tree  features. 

Figure  15  presents  the  LWB  thermal  signatures  of  the  terrain  features 
within  the  eastern  area.  The  flat  bare  soil  and  flat  mix  bare  soil/grassy  area 
exhibited  warmer  mean  temperatures  (max  =  45  °C,  min  =  3  °C)  than  the  trees 
during  daytime  hours  and  cooler  mean  temperatures  (max  =  35  °C, 
min  =  5  °C)  during  nighttime  hours.  The  flat  bare  soil  area,  flat  mix  bare 
soil/grassy  area,  and  creosote  bush  exhibited  similar  thermal  variability,  while 
the  other  trees  exhibited  very  little  thermal  variability.  The  tree  and  bush 
features  distributions  were  noticeably  skewed  toward  warmer  temperatures 
during  daytime  hours,  while  flat  soil  features  exhibited  very  little  skewness. 
During  nighttime  hours,  the  tree  and  bush  features  distributions  were  slightly 
skewed  toward  cooler  temperatures. 

Figure  16  shows  the  SWB  thermal  signatures  of  the  terrain  features  within 
the  eastern  area.  Compared  with  LWB  data,  SWB  terrain  features  exhibited 
similar  mean  temperatures  during  daytime  hours  and  warmer  mean  tempera¬ 
tures  during  nighttime  hours.  The  SWB  terrain  features  also  exhibited  notice¬ 
ably  more  thermal  variability  during  daytime  hours  and  similar  skewness 
values. 


Analysis  of  Terrain  Feature  Signatures  for 
Diurnal  3 

Figure  17  are  plots  of  the  meteorological  data  during  26APR93  when  diur¬ 
nal  3  was  executed.  Some  of  the  meteorological  conditions  highlighted  are  as 
follows: 

a.  Sunny  all  day;  maximum  solar  radiation  value  was  1,040  W/m2. 

b.  Air  temperature  varied  considerably  throughout  the  day  from  20  °C  (at 
0600  hr)  to  30  °C  (at  1800  hr). 

c.  Barometric  pressure  decreased  some  throughout  the  day;  mean  value 
was  883  mb. 
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d.  Relative  humidity  varied  between  50  and  30  percent  and  started 
decreasing  at  noon  time. 

e.  Wind  speed  varied  between  0  and  2  m/sec  until  1000  hr,  then  varied 
between  0  and  4  in/sec  throughout  the  rest  of  the  day. 

/.  Visibility  varied  throughout  the  daytime  hours  (between  50  and  40  km), 
decreasing  to  10  km  at  2100  hr. 

g.  No  rain  precipitation. 

For  diurnal  3,  image  metrics  were  computed  on  960  IR  images  of  terrain 
feature;  computation  was  the  same  as  for  diurnal  2.  Meteorological  data  at  the 
time  the  imagery  was  collected  (to  the  near  minute)  and  image  metric  results 
are  listed  in  Appendix  G  for  diurnal  3. 

The  diurnal  3  was  also  executed  under  sunny-day  conditions  and  higher 
both  air  temperature  and  solar  loading  values  than  for  the  diumals  1  and  2.  As 
a  result,  terrain  features  exhibited  similar  IR  signature  profiles  throughout  the 
24-hr-day  period,  but  the  mean  temperature,  thermal  variability,  and  skewness 
values  were  higher. 

Figure  18  presents  the  LWB  thermal  signatures  of  the  terrain  features 
within  the  western  area.  Figure  18a  shows  that  desert  pavement  features 
exhibited  warmer  mean  temperatures  (max  =  55  °C,  min  =  10  °C)  than  the  flat 
grassy  area  and  tree  and  bush  features  (max  =  45  °C,  min  »  15  °C)  during 
daytime  hours  and  slightly  cooler  mean  temperatures  during  nighttime  hours. 
The  sloping  and  flat  desert  pavement  features  exhibited  a  very  similar  mean 
temperature  profile  throughout  the  day,  while  the  trees  also  exhibited  a  similar 
mean  temperature  profile.  Figure  18b  shows  that  the  sloping  desert  pavement 
exhibited  higher  thermal  variability  (STDEV  between  0  and  3  °C,  and 
RNG_90  between  1  and  8  °C)  than  the  rest  of  the  terrain  features;  the  other 
terrain  features  exhibited  similar  thermal  variability  (STDEV  between  0  and 
1.5  °C,  and  RNG_90  between  1  and  4  CC). 

Sloping  desert  pavement  temperature  distribution  was  noticeably  skewed 
toward  cooler  temperatures  (Figure  18)  during  daytime  hours,  while  paloverde 
tree  and  catclaw  tree  temperature  distributions  were  skewed  toward  wanner 
temperatures  during  daytime  hours.  During  nighttime  hours,  the  process  was 
reversed,  but  the  skewness  was  less  noticeable.  The  flat  soil  features  were  not 
noticeably  skewed  throughout  the  day. 

Figure  19  shows  the  SWB  thermal  signatures  of  the  six  terrain  features 
within  the  western  area.  Compared  with  the  LWB  data,  terrain  features’  signa¬ 
tures  in  the  SWB  exhibited  similar  mean  temperatures  during  daytime  hours 
and  wanner  temperatures  during  nighttime  hours.  In  general,  compared  with 
diumals  1  and  2,  SWB  data  exhibited  very  high  thermal  variability  and  skew¬ 
ness  values  during  daytime  hours,  especially  for  the  sloping  desen  pavement 
and  tree  features. 
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exhibited  warmer  mean  temperatures  than  the  trees  during  daytime  hours  and 
cooler  mean  temperatures  during  nighttime  hours.  The  flat  bare  soil,  flat  bare 
soil/grassy  area,  and  creosote  bush  feature  exhibited  similar  thermal  variability, 
while  the  other  trees  exhibited  very  little  thermal  variability.  The  paloverde 
tree  feature  distribution  was  noticeably  skewed  toward  wanner  temperature 
values  during  daytime  hours. 

Figure  21  shows  the  SWB  thermal  signatures  of  the  terrain  features  within 
the  eastern  area.  Compared  with  the  LWB  data,  terrain  features’  signatures  in 
the  SWB  exhibited  similar  mean  temperatures  during  daytime  hours  and 
warmer  temperatures  during  nighttime  hours.  Also,  the  SWB  data  exhibited 
more  thermal  variability  during  daytime  hours  and  similar  skewness  values. 


Analysis  of  Terrain  Features  During  Scheduled 
SWOE  Missions 

Meteorological  conditions  that  occurred  at  the  time  of  execution  for  the 
1-hr  missions  were  presented  and  discussed  in  Chapter  3  of  tliis  report.  Also, 
see  Description  and  Summary  of  Image  Data  Collected  for  a  description  of  IR 
imagery  collected  during  missions. 

For  each  1-hr  data  collection  mission  executed,  only  the  terrain  feature  IR 
imagery  collected  during  both  the  critical  image  set  and  the  nearest  critical 
image  set  was  processed  and  analyzed  (the  remaining  data  are  stored  on  a 
storage  media  at  WES);  this  ensured  that  IR  imagery  from  both  imaging  areas 
(western  and  eastern  area)  was  analyzed.  Consequently,  for  each  SWOE 
scheduled  1-hr  mission,  10  IR  images  (5  LWB  and  5  SWB)  of  terrain  features 
were  processed  and  analyzed  from  each  of  the  two  imaging  areas. 

The  image  metric  results  obtained  from  the  processed  terrain  feature  IR 
imagery  and  the  meteorological  data  at  the  time  this  imagery  was  collected  (to 
the  near  minute)  are  stored  in  a  WES  database  to  be  used  in  support  of  SWOE 
synthetic  image  validation  efforts  (see  Appendix  H  for  data  listing).  In  addi¬ 
tion,  scatter  plots  of  terrain  features’  mean  temperature  versus  standard  devia¬ 
tion  (thermal  variability)  for  all  the  processed  terrain  feature  IR  imagery  are 
presented  in  Figure  22  (western  area  data)  and  Figure  23  (eastern  area  data). 

A  daily  comparison  of  the  image  metrics  results  computed  on  the  terrain 
feature  IR  imagery  collected  during  the  1-hr  missions  was  not  possible  because 
(a)  data  collection  was  limited  to  only  four  1-hr  time  periods  per  day  (see 
Table  2)  and  (b)  meteorological  conditions  varied  from  day  to  day  during  the 
47-day  exercise.  Therefore,  scatter  plots  (mean  temperature  versus  thermal 
variability)  were  used  to  present  the  image  metrics  results  using  the  processed 
IR  mission  data  collected  during  the  47  days  of  the  exercise.  Since  IR  mission 
data  were  collected  at  random  times,  it  was  decided  to  group  the  data  into  four 
different  6-hr  time  spans  depending  on  when  the  missions  were  executed: 

00:00  to  06:00  hr  (interval  1),  06:01  to  12:00  hr  (interval  2),  12:01  to  18:00  hr 
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different  6-hr  time  spans  depending  on  when  the  missions  were  executed: 

00:00  to  06:00  hr  (interval  1),  06:01  to  12:00  hr  (interval  2),  12:01  to  18:00  hr 
(interval  3),  and  18:01  to  24:00  hr  (interval  4).  The  purposes  of  the  scatter 
plots  were  (a)  to  determine  if  there  is  a  pattern  within  each  interval  in  terrain 
features’  IR  signatures,  (b)  to  determine  similarities  or  differences  among  the 
four  6-hr  time  periods  in  terrain  features’  IR  signatures,  and  (c)  to  determine 
the  range  of  terrain  features’  mean  temperatures  and  thermal  variabilities  dur¬ 
ing  the  47  days  of  the  exercise. 

Some  of  the  thermal  signature  patterns  observed  within  each  terrain  feature 
plot  in  Figures  22  and  23  were  as  follows:  (a)  mean  temperatures  and  thermal 
variabilities  within  interval  1  were  very  clustered,  especially  in  the  SWB  data, 
(b)  within  intervals  2  and  3,  feature  mean  temperatures  and  thermal  variabili¬ 
ties  were  very  scattered  and  grouped  together,  (c)  warmest  mean  temperatures 
were  found  within  interval  3,  (d)  terrain  features  exhibited  warmer  mean  tem¬ 
peratures  within  interval  4  than  within  interval  1,  but  similar  thermal  variabili¬ 
ties,  and  (e)  comparing  both  wave  bands,  the  SWB  feature  data  exhibited  less 
thermal  variability  than  the  LWB  feature  data  within  intervals  1  and  4,  but 
more  thermal  variability  within  intervals  2  and  3. 

Figure  22a  depicts  the  LWB  thermal  signatures  of  the  terrain  features  with¬ 
in  the  western  area.  Soil  mean  temperatures  varied  between  0  and  55  °C, 
while  the  mean  temperatures  of  trees  and  bushes  varied  between  5  and  45  °C. 
The  desert  pavements  exhibited  the  warmest  mean  temperatures  (50  to  55  °Q. 
The  flat  desert  pavement  exhibited  less  thermal  variability  throughout  the  exer¬ 
cise  than  the  other  terrain  features.  The  sloping  desert  pavement  and  the  palo- 
verde  tree  exhibited  the  widest  range  of  thermal  variability  (0.25  and  3.0  °Q 
of  all  of  the  terrain  features  throughout  the  exercise.  Some  of  the  thermal 
variability  exhibited  by  the  trees  and  bushes  was  due  to  the  composition  of  two 
types  of  materials  with  different  IR  signatures,  the  tree  or  bush  itself  and  the 
desert  pavement  background  detected  through  the  branches  and  leaves. 

Figure  22b  depicts  the  SWB  thermal  signatures  of  the  terrain  features 
within  the  western  area.  Soil  mean  temperatures  varied  between  10  and  55  °C, 
while  tree  and  bush  mean  temperatures  varied  between  10  and  40  °C.  As  in 
the  LWB  data,  the  sloping  desert  pavement  and  the  paloverde  tree  exhibited 
the  largest  range  of  thermal  variability  (0.25  and  4.0  °C)  throughout  the  dura¬ 
tion  of  the  exercise. 

Figure  23a  depicts  the  LWB  thermal  signatures  of  the  terrain  features 
within  the  eastern  area.  The  soils  terrain  features  exhibited  a  wider  range  of 
mean  temperatures  (0  to  55  °C)  and  thermal  variabilities  (0.25  to  2.25).  The 
dead  paloverde  tree  showed  a  lot  of  thermal  variability  because  it  was  some¬ 
what  difficult  to  accurately  enclose  the  dead  tree  with  the  polygon;  therefore, 
some  background  pixels  were  also  measured.  The  trees  and  bushes  exhibited 
very  similar  thermal  signatures,  with  mean  temperatures  between  5  and  45  °C 
and  thermal  variabilities  between  0.25  and  1 .5  °C,  although  the  creosote  bush 
exhibited  a  little  more  thermal  variability  than  the  others. 
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Figure  23b  depicts  the  SWB  thermal  signatures  of  the  terrain  features 
within  the  eastern  area.  In  the  SWB  data,  soil  terrain  features  exhibited  mean 
temperatures  between  10  and  55  °C  and  thermal  variabilities  between  0.25  and 
3.25  °C.  The  creosote  bush  exhibited  similar  mean  temperature  to  the  other 
trees/bushes,  but  more  thermal  variability. 
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5  Summary  of  Results 


During  the  Yuma  1  exercise,  WES  collected  approximately  19,500  terrain 
features’  IR  images  of  which  4,300  IR  images  were  analyzed  and  discussed  in 
this  repoit.  The  three  diurnal  IR  data  collections  were  executed  on  24MAR, 
08APR,  and  26APR,  while  1-hr  missions  IR  data  were  randomly  collected 
throughout  the  duration  of  the  exercise.  Thermal  signature  data  (2-  to  5.6-pm 
and  8-  to  12-pm)  were  collected  and  analyzed  on  six  terrain  features  within  the 
western  area,  including  sloping  desert  pavement,  flat  desert  pavement,  flat 
grassy  area,  creosote  tree,  paloverde  tree,  and  catclaw  tree,  and  seven  terrain 
features  within  the  eastern  area,  including  flat  bare  soil,  mix  bare  soil-grass, 
paloverde  tree,  dead  paloverde  tree  (a  dead  trunk),  creosote  bush,  desert  sage 
tree,  and  Texas  sage  tree. 

Image  metrics  were  computed  including  minimum,  mode,  median,  mean, 
maximum,  5-percentile,  95-percentile,  90-percentile  range,  standard  deviation, 
and  skewness.  Meteorological  data  and  image  metric  results  (in  °C)  are  pre¬ 
sented  in  the  appendixes.  These  image  metrics  were  used  to  show  the  central 
tendency,  thermal  variability,  and  shape  of  the  terrain  features'  temperature 
distribution.  A  database  was  generated  containing  information  about  terrain 
feature  attribute  data,  image  metrics  results,  and  meteorological  data  and  will 
be  used  in  support  of  the  SWOE  synthetic  image  validation  efforts. 

Each  terrain  feature  exhibited  similar  IR  signature  profiles  during  diur- 
nals  1,  2,  and  3.  The  magnitude  of  the  mean  temperature,  thermal  variability, 
and  skewness  value  for  the  terrain  features  depended  on  the  meteorological 
conditions  during  the  diumals.  Terrain  features’  IR  signatures  were  more 
pronounced  during  diurnal  3  partly  because  of  warmer  air  temperature,  higher 
solar  loading,  and  other  meteorological  conditions.  Air  temperature  and  terrain 
features’  mean  radiometric  temperature  increased  throughout  the  47  days  of 
data  collection.  In  both  wave  bands,  the  desert  pavements,  bare  soil,  and 
grassy  area  exhibited  wanner  mean  temperatures  than  the  paloverde  tree,  cat- 
claw  tree,  creosote  bush,  and  others  during  the  daytime  hours  and  slightly 
cooler  temperatures  during  nighttime  hours.  The  tree  and  bush  features  exhib¬ 
ited  a  very  similar  mean  temperature  profile  throughout  a  24-hr  day. 

The  WES  LWB  and  SWB  data  for  the  warm  days  (diurnal  3)  showed  the 
sloping  desert  pavement  feature  exhibiting  more  thermal  variability  than  any 
other  feature;  also,  its  temperature  distribution  was  noticeably  skewed  toward 
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cooler  temperatures  during  daytime  hours.  Compared  with  the  flat  desert 
pavement,  bare  soil,  and  grassy  area  features,  the  tree  and  bush  features  exhib¬ 
ited  higher  thermal  variability,  and  temperature  distribution  was  skewed  toward 
warmer  temperatures  during  daytime  hours.  This  temperature  distribution, 
skewed  toward  warmer  temperatures  in  both  the  tree  and  bush  features,  was 
due  mainly  to  two  types  of  materials  (tree  or  bush  and  soil  background  mea¬ 
sured  through  the  gaps  in  the  branch  and  foliage  structure)  containing  different 
thermal  properties.  In  other  words,  temperature  distributions  of  the  tree  and 
bush  features  were  skewed  toward  warmer  temperatures  during  daytime  hours 
because  the  soil  background  was  warmer  at  that  time  of  the  day  and  slightly 
skewed  toward  cooler  temperatures  during  nighttime  hours  because  the  soil 
background  was  a  little  cooler  during  nighttime  hours. 

Data  collected  during  the  randomly  selected  mission  times  were  analyzed. 
Patterns  were  observed  for  each  terrain  feature  plot.  Mean  temperatures  and 
thermal  variabilities  during  the  period  midnight  to  0600  hr  were  very  clustered 
(especially  in  the  SWB  data).  Mean  temperatures  and  thermal  variabilities  for 
the  period  0600  to  1800  hr  were  scattered,  and  features  had  similar  thermal 
signatures.  The  warmest  mean  temperatures  of  the  features  were  during  the 
period  1200  to  1800  hr.  Terrain  features  exhibited  warmer  mean  temperatures 
and  similar  thermal  variabilities  during  the  period  1800  hr  to  midnight  than 
during  the  period  midnight  to  0600  hr.  The  SWB  data  exhibited  less  thermal 
variability  than  the  LWB  data  within  the  midnight  to  0600-hr  period  and 
1800  to  midnight  period.  More  thermal  variability  occurred  within  the  0600- 
to  1800-hr  period. 
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SUMMARY  OF  IMAGE  DATA  COLLECTED 
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Figure  2.  Summary  of  IR  imagery  collected  by  WES  during  Yuma  1  exercise 
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and  IR  images  of  tei rain 


Figure  4.  Color  ptatograptis  and  IR  images  of  terrain  features  within 
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Figure  5.  (Sheet  2  of  4) 
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Figure  6.  Yuma  1  IR  imagery  processing  procedure 
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Figure  9.  (Concluded) 
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Figure  11.  Infrared  signatures  of  features  irraged  (SWB)  within  eastern  area  during  diurnal  1  (24MAR93)  (Continued) 
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Figure  1 S.  Infrared  signatures  of  features  imaged  (LWB)  within  western  area  during  diurnal  2  (08APR93)  (Continued) 
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Figure  lei.  (Concluded) 
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Figure  14.  Infrared  signatures  of  featu:es  imaged  (SWB)  within  western  area  during  diurnal  2  (08APR93)  (Continued) 
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Figure  16.  (Concluded) 
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Figure  17.  Meteorological  data  during  diurnal  3  (26APR93)  (Continued) 
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Figure  18.  Infrared  signatures  of  features  imaged  (LWB)  within  western  area  during  diurnal  3  (26APR93)  (Continued) 
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Figure  1 9.  Infrared  signatures  of  features  imaged  (SWB)  within  western  area  during  diurnal  3  (26APR93)  (Continued) 
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Figure  19.  (Concluded) 
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Figure  20.  Infrared  signatures  of  features  imaged  (LWB)  within  eastern  area  during  diurnal  3  (23APR93)  (Continued) 
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Figure  20.  (Concluded) 
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Figure  21 .  Infrared  signatures  of  features  imaged  (SWB)  within  eastern  area  during  diurnal  3  (26APR93)  (Continued) 
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Figure  21 .  (Concluded) 
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ta  collected  within  western  area  during  scheduled  missions  (Continued) 
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Figure  23.  Terrain  features  mean  temperature  and  thermal  variability  (STD_DEV)  for  LWB  &  SWB  IR  data  collected  within  easterr 
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Table  1 

IR  Camera  Specification 


Wav*  Band 


Specification 

MM-IR 

Far-IR 

Model 

Erika  Thermovision 

900  series  -  900  SW 

Erika  Thermovision 

900  series  -  900  LW 

Wavelength  band 

2  to  5.6  fim 

8  to  12  urn 

FOV  lens 

2.50h  by  1.25v 

2.50h  by  1.25v 

Screen  resolution 

272h  by  136v 

272h  by  136h 

image  resolution 

1 2-bit  (4096  levels) 

12-bit  (4096  levels) 

Radiometric  sensitivity 

0. 1  °C  at  30  °C  object 
temperature 

0.08  °C  at  30  °C  object 
temperature 

Radiometric  accuracy 

±1%  or  ±1  °C 

±1%  or  ±1  °C 

Radiometric  repeatability 

±0.5%  or  ±0.5  °C 

±0.5%  or  ±0.5  °C 
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Table  3 

Sampling  Schedule  for  the  188 1 -hr  Missions  During  Yuma  1  Test 
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Table  4 
Relative  An 

glee  and  UTM  Coordinates  Positions  of  IR  Images 

Imaging 

Araa 

Imaga 

Description 

Camera  Viewing 
Angles 

UTM  Coordinates 

Azimuth 

deg 

Elevation 

East 

m 

- - - 

North 

m 

Western  a  rat 

Sloping  desert 
pavement 

60.29 

-6.00 

756023 

3650816 

Flat  daeart 
pavamant 

72.74 

-8.00 

756063 

3650829 

Catdaw  traa 

75.17 

-10.57 

756081 

3650832 

Creosote  bush  and 
greasy  area 

79.06 

-9.25 

756052 

3650851 

Paloverde  tree 

94.75 

-11.70 

756116 

3650867 

Eastern  area 

Desert  sage 

-1 19.29 

-9.10 

756366 

3650820 

Creosote  bush  and 
bare  soil 

-121.43 

-9.22 

756352 

3650822 

Paloverde  tree 

•121.73 

-8.07 

756379 

3650826 

i 

Grassy  area 

-120.81 

-11.06 

759336 

3650819 

Dead  paloverde 
tree,  creosote 
bush,  and  bare  soil 

-126.99 

i 

-9.10 

756363 

3650839 
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The  cameras  were  mounted  on  a  computer-controlled  mount  that  allowed 
for  360  deg  of  rotation  and  approximately  70  deg  of  tilt.  This  mount  was 
attached  to  the  boom  of  the  U.S.  Army  Engineer  Waterways  Experiment  Sta¬ 
tion  (WES)  boom  truck  and  was  programmed  to  allow  location  and  imaging- 
specific  terrain  features  in  the  field  of  regard.  The  procedure  used  during  the 
imaging  period  was  as  follows: 

a.  Two  WES  passive  blackbodies,  18-  by  18-  by  0.5-in.  steel  plates, 
painted  flat  black,  were  set  such  that  both  could  be  directly  viewed  by 
the  sensors  within  a  single  field  of  view.  One  blackbody  was  shaded 
from  direct  sunlight  and  sky  exposure,  resulting  in  a  measurable  tem¬ 
perature  difference  between  the  two  blackbodies  under  most  conditions. 
Thermistors,  embedded  in  the  front  and  back  of  each  blackbody, 
recorded  physical  temperature,  which  was  stored  on  a  micrologger  and 
displayed  in  the  instrument  truck.  WES  personnel  raised  the  boom 
sufficient  to  obtain  an  unobstructed  view  of  the  two  WES  passive 
blackbodies.  The  cameras  were  then  pointed  in  the  direction  of  the 
blackbodies,  and  image  data  were  collected  in  both  wave  bands. 

b.  The  boom  was  then  extended  to  its  full  height  (55  ft),  and  the  cameras 
were  aligned  on  a  boresight  target  (a  Coleman  lantern).  This  step 
ensured  that  the  relative  angles  to  the  10  predetermined  locations  were 
correct 

c.  The  cameras  were  then  positioned  at  the  first  predetermined  location 
within  the  western  area.  At  the  designated  time,  terrain  feature  IR 
images  were  collected  from  each  of  the  five  predetermined  locations, 
and  the  cameras  were  then  repositioned  to  collect  imagery  on  the  east¬ 
ern  area.  At  the  designated  time,  terrain  features  were  imaged  within 
this  area  based  on  five  predetermined  locations.  This  process  continued 
until  the  end  of  tile  Smart  Weapons  Operability  Enhancement  (SWOE) 
scheduled  mission. 
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d.  At  the  conclusion  of  each  1  -hr  data  collection  period,  the  boom  was 
lowered  so  that  the  blackbodies  could  be  reimaged  except  when  two 
1-hr  missions  were  scheduled  back  to  back.  In  this  case,  the  ending 
blackbody  images  of  the  first  mission  were  omitted,  and  the  beginning 
blackbody  images  of  the  second  image  were  omitted. 

WES  collected  data  for  three  diurnal  periods  during  the  Yuma  1  data  col¬ 
lection  period.  These  occurred  on  24  March,  8  April,  and  26  April.  The  pro¬ 
cedure  used  for  these  diumals  was  similar  to  that  used  for  the  regular  SWOE 
missions  except  blackbody  images  were  obtained  only  during  long  breaks  in 
the  imaging  sess.cn. 

The  accuracy  of  the  factory  calibration  was  examined  using  these  black¬ 
body  images  by  comparing  the  camera's  radiometric  temperature  estimates 
with  the  temperatures  measured  from  the  blackbodies.  When  90  percent  of  the 
absolute  errors  were  within  factory  calibration  (±1  °C),  the  factory  calibration 
procedures  were  used  for  a  given  excursion.  Throughout  the  test,  both  cam¬ 
eras  operated  within  factory  calibration;  therefore,  no  calibration  correction  was 
necessary. 
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MTE  tm  TIME 
OF  COLLECTION 

]  1SM93:00:00 

iswm:m:oo 

i  15MM95:62:00 
15NAM3:03;00 
15NAR93:04:09 
15MM5:06:00 
15NAM3i06:00 
15MAMS:07:00 
ISMMffStOBtOO 
ISPMMSt  09:00 
15NAR93: 10:00 
1SNAR93: 11:00 
1 5IMM3: 12:00 
15NAR93:  13:00 
1SKIM3:  H:00 
15MAM3: 15:00 
15NM95: 16:00 
1  SIMMS:  17:00 
1  ***93:18:00 
1  SIMMS:  19:00 
1SMAM3:20:00 
15MAR93:21:00 
1$MM93:22:00 
15MAR93:23:00 
16MA893:00:00 
1*M*93:01:00 
1 ***93:02:00 
16MAR93:03:00 
16MAM3:04:00 
1  ***93: 05: 00 
1 ***93:06:00 
16NA*93:07:00 
1  ***93: 08: 00 
1***93:09:00 
16MA*93:10:00 
1*W*93: 11 :00 
16*4*93:12:00 
1*M*93: 13:00 
16NAR93:14:00 
1  ***93: 15:00 
16MAR93: 16:00 
16MAR93: 17:00 
16MAM3: 18:00 
16NAM3:19:00 
16HAA93:20:00 
16MAR93:21 :00 
1 ***93: 22: 00 
16MAR93:23:00 


AIR 

wbmomture 

CD«f*  C) 

16.6 

16.0 

15.1 
15.4 

16.9 

14.2 

12.9 

12.6 

15.7 

18.9 

19.7 

21.6 

23.7 

25.2 

25.9 

26.4 

26.7 

26.7 
26.0 

24.1 

21.2 

19.4 

18.8 
18.1 
18.1 

17.8 
16.6 
15.2 

15.2 

14.6 

13.9 
14.0 

16.7 

20.6 

23.1 

24.1 

25.3 

26.7 

27.8 
26.6 
29.0 
29.0 

26.1 
25.6 

23.4 

20.5 
19.0 

17.5 


SOUR  RELATIVE  BAROMETRIC  WINO 

RADIATION  HUMIDITY  PRESSURE  SPEED 

(W/IT2)  (PERCENT)  (MILLIBARS)  (M/S) 


WIND 

01 RECTI ON 
(DEGREES) 


PRECIPI¬ 

TATION 

(NN/HR) 


985 

0.7 

985 

0.7 

985 

0.7 

965 

0.6 

985 

0.6 

966 

0.7 

966 

1.1 

967 

0.9 

967 

1.0 

968 

1.6 

969 

1.5 

969 

0.4 

966 

0.4 

987 

1.4 

966 

2.0 

966 

1.1 

965 

1.0 

965 

1.8 

965 

1.0 

966 

0.6 

966 

0.3 

967 

0.7 

967 

0.4 

987 

0.1 

968 

0.7 

968 

0.2 

988 

0.8 

988 

1.1 

986 

1.1 

988 

1.0 

968 

1.0 

989 

1.3 

990 

0.6 

990 

2.1 

991 

3.2 

990 

2.8 

990 

1.8 

969 

1.3 

968 

0.9 

987 

0.7 

987 

1.1 

987 

1.2 

967 

1.4 

988 

0.9 

988 

0.5 

989 

0.9 

969 

0.2 

969 

1.0 

Appendix  B  Summary,  Meteorological  Data 


OATE  AMO  MM 

A18 

TEHPERATUEE 

SOLAR 

8M1AMON 

RELATIVE 

HUMIDITY 

or  collect t on 

<0**.  C) 

(W/N*2> 

(PERCENT) 

17X093:00:00 

17.3 

0 

41 

17NAN93:01:00 

17.3 

0 

39 

17NAA93:02:00 

17.3 

0 

37 

1*0*3x03:00 

15.6 

0 

43 

17)0*3:04:00 

13.7 

0 

46 

17XAR93:0S:00 

16.1 

0 

46 

17MM93:06t00 

16.3 

0 

45 

17MAR93:07:00 

17.6 

29 

40 

17M93:OfliOO 

20.2 

208 

34 

17Xaa93i  09t00 

22.9 

420 

29 

17X0*3:10:00 

25.1 

578 

26 

17MAt93i  11:00 

25.5 

666 

27 

17X0*3: 12:00 

26.5 

712 

27 

17X0*3:  13:00 

27.4 

748 

26 

17HAR93: 14*00 

27.4 

423 

27 

17X0*3x15:00 

28.1 

376 

22 

17XAR93: 16:00 

27.7 

258 

21 

17X0*3:17:00 

27.4 

201 

24 

17X0*3:18:00 

26.5 

69 

29 

17X0*3: 19:00 

25.1 

3 

33 

17X0*3:20:00 

24.3 

0 

37 

17X0*3:21  :00 

23.6 

0 

40 

17X0*3:22:00 

22.3 

0 

45 

17X0*3:23:00 

21.1 

0 

49 

18X0*3:00:00 

20.1 

0 

51 

18NAR93:01 :00 

19.5 

0 

52 

18X0*3:02:00 

18.1 

0 

56 

18NAR93:03:00 

17.0 

0 

58 

10X0*3:04:00 

16.6 

0 

60 

18MAR93:05:00 

14.8 

0 

67 

10X0*3:06:00 

14.6 

0 

70 

16NAA 93:07:00 

13.9 

17 

74 

18X0*3:08:00 

16.4 

185 

65 

18HAR93:09:00 

19.4 

409 

52 

18X0*3:10:00 

21.4 

607 

42 

18X0*3:11:00 

23.6 

767 

30 

18X0*3: 12:00 

25.1 

862 

24 

10X0*3:13:00 

26.0 

884 

22 

18XAR93: 14:00 

26.9 

827 

21 

16X0*3:15:00 

27.9 

712 

17 

18MAR93: 16:00 

28.1 

543 

13 

18X4893:17:00 

27.9 

337 

13 

16X0*3: 18:00 

26.8 

119 

15 

18X4893:19:00 

24.8 

4 

20 

18X4893:20:00 

22.3 

0 

27 

18X4893:21:00 

19.6 

0 

34 

18X4893:22:00 

18.6 

0 

37 

18X4893:23:00 

17.2 

0 

41 

•AMHETRfC 

J1NO 

Wl  MO 

VISIII  • 

PRECIP1 

PtESSMC 

SPEEO 

(DIRECTION 

L.’TY 

TAT  ION 

(MILUIA8S) 

(X/S) 

(OEOREES) 

(KM) 

(MM/MR) 

999 

1.2 

45 

48 

0.00 

969 

1.5 

50 

49 

0.00 

989 

*  .3 

57 

49 

0.00 

988 

0.7 

33 

48 

0.00 

988 

1.2 

62 

48 

0.00 

988 

0.6 

26 

48 

0.00 

987 

1.1 

97 

47 

0.00 

987 

1,7 

111 

43 

0.00 

987 

1.7 

137 

42 

0.00 

988 

2.2 

143 

37 

0.00 

918 

2.2 

161 

38 

0.00 

987 

2.5 

226 

34 

0.00 

966 

1.9 

228 

27 

0.00 

985 

2.0 

257 

28 

0.00 

964 

3.1 

257 

28 

0.00 

964 

3.4 

273 

40 

0.00 

983 

4.3 

286 

42 

0.00 

963 

3.6 

273 

42 

0.00 

963 

3.7 

274 

31 

0.00 

983 

2.6 

273 

39 

0.00 

983 

2.9 

280 

41 

0.00 

964 

3.9 

287 

39 

0.00 

964 

1.4 

263 

38 

0.00 

964 

1.1 

285 

33 

0.00 

964 

0.9 

283 

36 

0.00 

983 

1.3 

298 

43 

0.00 

963 

0.5 

347 

47 

0.00 

983 

0.2 

289 

45 

0.00 

962 

0.6 

333 

49 

0.00 

962 

0.5 

41 

48 

0.00 

963 

0.4 

67 

48 

0,00 

964 

0.3 

60 

47 

0.00 

984 

0.2 

14 

46 

0.00 

964 

1.5 

273 

41 

0.00 

985 

2.3 

307 

41 

0.00 

984 

2.6 

311 

42 

0.00 

984 

3.4 

304 

42 

0.00 

963 

4.0 

279 

38 

0.00 

962 

3.3 

288 

40 

0.00 

962 

3.3 

296 

43 

0.00 

981 

3.5 

315 

44 

0.00 

981 

4.3 

335 

39 

0.00 

962 

4.1 

348 

42 

0.00 

963 

2.0 

351 

41 

0.00 

984 

0.9 

35 

39 

0.00 

985 

1.1 

60 

38 

0.00 

966 

0.5 

28 

34 

0.00 

966 

1.0 

46 

34 

0.00 
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0A?|  ANO  TIM 

41* 

rCMMRATU** 

SOU* 

*4oi  a  mo* 

ikutivc 

HU*t0ITY 

or  couktion 

(0*0*  C) 

(W/M*2> 

(PCRC8MT) 

21*4*93:00:00 

17.9 

0 

35 

21*4*93:01 :00 

16.7 

0 

37 

21*4*93:02:00 

15.3 

0 

41 

21*4*93:03:00 

16.0 

0 

37 

21MM3t04tOO 

16.0 

0 

37 

21*4*93:05:00 

15.8 

0 

38 

21*4*93:06:00 

13.6 

0 

47 

21*4*93:07:00 

14.4 

37 

44 

21*4*93:06:00 

18.1 

196 

36 

21*4*93:09:00 

21.1 

421 

29 

21*4*93:  10  tOO 

24.3 

619 

23 

21*4*93:  11:00 

23.8 

770 

21 

21*4*93:12:00 

27.3 

854 

19 

21*4*93:  13*00 

28.3 

677 

18 

21*4*93:14:00 

28.7 

828 

17 

21*4*93:  15:00 

29.2 

712 

16 

21*4*93: 16:00 

29.3 

539 

16 

21*4*93:  17:00 

29.1 

335 

15 

21*4*93:  18:00 

28.4 

120 

17 

21*4*93:  19:00 

26.5 

5 

20 

21*4*93:20:00 

23.6 

0 

25 

21*4*93:21:00 

21.4 

0 

28 

21*4*93:22:00 

20.6 

0 

28 

21*4*93:23:00 

19.9 

0 

30 

22*4*93:00:00 

18.4 

0 

34 

22*4*93:01:00 

18.2 

0 

34 

22*4*93:02:00 

17.7 

0 

35 

22*4*93:03:00 

16.3 

0 

39 

22*4*93:04:00 

15.3 

0 

43 

22*4*93:03:00 

14.7 

0 

47 

22*4*93:06:00 

14.4 

0 

49 

22*4*93:07:00 

13.9 

35 

52 

22*4*93:08:00 

17.6 

208 

44 

22*4*93:09:00 

21.8 

421 

31 

22*4*93:10:00 

24.3 

614 

27 

22*4*93:11:00 

26.4 

765 

24 

22*4*93:12:00 

28.0 

857 

21 

22*4*93:13:00 

29.0 

876 

20 

22*4*93:14:00 

29.7 

827 

18 

22*4*93:13:00 

30.1 

709 

16 

22*4*93: 16:00 

30.3 

535 

16 

22*4*93:17:00 

30.1 

328 

17 

22*4*93:18:00 

29.5 

117 

18 

22*4*93:19:00 

27.2 

5 

23 

22*4*93:20:00 

24.9 

0 

27 

22*4*93:21:00 

23.2 

0 

31 

22*4*93:22:00 

20.7 

0 

37 

22*4*93:23:00 

20.0 

0 

39 

•4*0*8 Tft I C 

WIND 

WtMO 

/IS181- 

**eci*i 

i 

I 

SPIED 

OlftCCT IQH 

UTY 

TATtO* 

(MlUIlAfS) 

(*/$> 

(DEGXfIS) 

(X*> 

<**/**) 

983 

1.2 

57 

47 

0.00 

983 

1,2 

38 

47 

0.00 

983 

1.4 

15 

47 

0.00 

982 

1.7 

32 

47 

0.00 

982 

1.5 

32 

46 

0.00 

982 

1.4 

29 

46 

0.00 

982 

0.5 

5 

47 

0.00 

982 

1.1 

5 

46 

0.00 

983 

1.1 

334 

43 

0.00 

983 

1.7 

309 

47 

0.00 

983 

2.7 

321 

47 

0.00 

983 

3.0 

318 

47 

0.00 

982 

2.7 

309 

47 

0.00 

981 

3.5 

323 

47 

0.00 

981 

3.1 

321 

47 

0.00 

980 

3.2 

317 

47 

0.00 

980 

3.1 

334 

47 

0.00 

980 

3.2 

332 

47 

0.00 

980 

2.5 

343 

48 

0.00 

980 

1.2 

360 

47 

0.00 

981 

0.6 

25 

48 

0.00 

981 

1.0 

36 

49 

0.00 

982 

1.5 

49 

49 

0.00 

982 

1,4 

46 

49 

0.00 

982 

0.1 

c8 

49 

0.00 

983 

0.6 

62 

49 

0.00 

963 

1.1 

44 

49 

0.00 

982 

1.1 

11 

49 

0.00 

962 

1.2 

26 

49 

0.00 

983 

1.0 

50 

48 

0.00 

963 

0.7 

27 

46 

0.00 

984 

0.5 

57 

47 

0.00 

985 

0.7 

21 

44 

0.00 

965 

0.6 

3 

43 

0.00 

986 

0.5 

263 

43 

0,00 

966 

1.2 

159 

42 

0.00 

986 

2.5 

134 

42 

0.00 

985 

2.8 

157 

42 

0.00 

984 

2.4 

163 

43 

0.00 

983 

2.0 

184 

43 

0.00 

983 

1.6 

194 

43 

0.00 

982 

1.4 

221 

42 

0.00 

982 

1.5 

236 

42 

0.00 

983 

1.2 

224 

40 

0.00 

983 

0.3 

228 

37 

0.00 

984 

0.4 

23 

37 

0,00 

964 

1.0 

34 

36 

0.00 

985 

0.6 

48 

39 

0.00 
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B5 


AIR 

SOLAR 

RELATIVE 

OAfK  AND  TIM 

rKMHRATURC 

RAO  I AT tON 

HUMtOtTr 

OP  COLLECTION 

<0*9.  C) 

(W/IT2) 

(PERCENT) 

23MAA93:00t00 

19.8 

0 

41 

Z3MAM3i01:00 

16.3 

0 

49 

23NAMt02:00 

16.1 

0 

48 

23NAft93:Q3iOO 

16.0 

0 

43 

23X6*93:04:00 

17.2 

0 

44 

SMMStOStOO 

16.0 

0 

49 

23MftfS:06i00 

15.6 

0 

49 

23MAJt93i07:00 

16.6 

53 

47 

23NAN9St06tOO 

21.7 

212 

34 

Z3NAR«3<OfiOO 

23.6 

416 

29 

23H AMtlOtOO 

26.6 

614 

26 

WAt93:11:00 

26.0 

763 

24 

ZSMAMSi  12:00 

27.4 

850 

22 

23NAR93: 13:00 

28.6 

870 

19 

23NAN93: 14:00 

29.5 

822 

18 

23HAN93: 15:00 

30.0 

706 

18 

23NAR93: 16:00 

29.9 

S38 

19 

23MAR93: 17:00 

29.8 

334 

18 

23HAR93: 18:00 

29.0 

125 

19 

23NAR93: 19:00 

27.2 

6 

22 

23NAN93:20:00 

25.1 

0 

25 

23HAR93:21:00 

23.7 

0 

27 

23NAR93:22:00 

23.3 

0 

31 

23MAR 93:23:00 

21.7 

0 

36 

24NAR93:00;00 

20.6 

0 

39 

24MAA93: 01:00 

18.7 

0 

42 

24MAft93:02:00 

16.7 

0 

48 

24*4*93:03:00 

16.2 

0 

50 

24NA*93:04:00 

16.9 

0 

46 

24MA*93:05:00 

17.0 

0 

46 

24NA*93:06:00 

16.4 

0 

47 

24MA*93:07:00 

17.3 

41 

46 

24*6*93:08:00 

20.4 

213 

39 

24NA*93:09:00 

22.6 

421 

35 

24NAR93: 10:00 

23.7 

616 

38 

24MAN93: 11:00 

24.5 

767 

42 

24MAR93; 12:00 

25.6 

844 

40 

24NA*93:13:00 

26.6 

685 

36 

24NAR93: 14:00 

27.4 

627 

30 

24HAR93: 15:00 

27.8 

624 

28 

2AMAA93: 16:00 

28.0 

511 

28 

24M4R93: 17:00 

27,9 

337 

27 

24MAN93: 18:00 

27.3 

124 

27 

24MAR93: 19:00 

25.6 

4 

33 

24MAR93:20:00 

23.7 

0 

40 

24MAR93:21 :00 

21.9 

0 

43 

24MA*93:22:00 

20.3 

0 

46 

24MAIl93:23:00 

18.7 

0 

50 

lAROMf TRIC 

WINO 

UINO 

Vtstlt- 

PRECIPI 

PRESSURE 

sr»o 

DIRECTION 

LITY 

TATION 

(NlLLliARS) 

IN/S) 

(DEGRESS) 

OCH) 

(HH/RR) 

985 

0,4 

28 

37 

0.00 

985 

0.8 

56 

34 

0.00 

985 

1.0 

17 

36 

0.00 

984 

1.4 

17 

40 

0.00 

984 

1,3 

28 

40 

0.00 

984 

1.1 

39 

40 

0.00 

985 

1.2 

41 

41 

0.00 

985 

1.0 

41 

42 

0.00 

986 

0.3 

181 

42 

0.00 

986 

0.8 

197 

41 

0.00 

966 

1.6 

230 

36 

0.00 

987 

1.6 

221 

32 

0.00 

986 

2.0 

219 

38 

0.00 

985 

2.3 

208 

40 

0.00 

985 

2.1 

218 

41 

0.00 

984 

2.7 

218 

40 

0.00 

983 

2.9 

217 

42 

0.00 

983 

2.5 

221 

40 

0.00 

983 

2.6 

219 

41 

0.00 

983 

1.4 

v  231 

33 

0.00 

984 

0.8 

225 

37 

0.00 

964 

0.6 

154 

40 

0.00 

985 

2.6 

123 

42 

0.00 

985 

1.6 

110 

44 

0.00 

985 

0.1 

354 

44 

0.00 

985 

0.5 

356 

42 

0.00 

965 

0.9 

34 

43 

0.00 

984 

0.8 

31 

43 

0.00 

984 

1.1 

78 

44 

0.00 

985 

0.9 

75 

43 

0.00 

985 

1.3 

62 

43 

0.00 

985 

1.5 

78 

43 

0.00 

986 

2.2 

115 

43 

0.00 

986 

3.0 

121 

42 

0.00 

986 

3.5 

124 

39 

0.00 

986 

3.6 

139 

37 

0.00 

986 

3.2 

157 

35 

0.00 

985 

2.7 

152 

37 

0.00 

984 

2.9 

193 

38 

0.00 

984 

3.3 

191 

40 

0.00 

963 

3.6 

206 

39 

0.00 

983 

2.5 

166 

40 

0.00 

983 

2.3 

180 

41 

0.00 

983 

2.3 

164 

38 

0.00 

984 

1.7 

214 

37 

0.00 

984 

0.6 

221 

37 

0.00 

985 

0.3 

32 

30 

0.00 

965 

0.6 

32 

28 

0.00 
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Al* 

SOLAR 

MLATIVI 

MTI  AMO  TlHt 

Tt**t*Anj*f 

RAO (ATI  ON 

HUNIOm 

or  COi LCCTt ON 

(0*f.  C) 

<W/N*2) 

(MACENT) 

23*4*93:00:00 

17.6 

0 

34 

23*4*93:01:00 

17.3 

0 

51 

zsmmiQiioo 

13,9 

0 

53 

23*4*93:03:00 

17,2 

0 

50 

25*4*93:04:00 

17.1 

0 

54 

25*4*93:03:00 

16,6 

0 

57 

23*4*93:06:00 

17.1 

0 

51 

23*4*93:07:00 

17,3 

30 

48 

2SMmtoaioo 

18*4 

198 

SO 

23*4*93:09:00 

20.2 

380 

47 

23*4*93:10:00 

21.8 

378 

42 

23*4*93:11:00 

23.3 

760 

37 

23*4*93:  12:00 

23.0 

836 

34 

25*4*93:13:00 

26.4 

837 

30 

smratH'OO 

27.1 

802 

28 

25*4*93:13:00 

27. S 

683 

28 

25*4*93: 16:00 

27.2 

487 

28 

23*4*93:17:00 

26.3 

207 

30 

23*4*93:18:00 

23.3 

60 

28 

25*4*93:19:00 

23.6 

3 

31 

23*4*93:20:00 

22.0 

0 

33 

23*4*93:21 :00 

21,1 

0 

36 

23*4*93:22:00 

20.1 

0 

40 

23*4*93:23:00 

19.3 

0 

43 

26*A*93:C0:00 

17.8 

0 

53 

26*4*93:01:00 

17.1 

0 

61 

26*4*93:02:00 

16.4 

0 

63 

26*4*93:03:00 

14.3 

0 

65 

26*4*93:04:00 

13.6 

0 

67 

26*4*93:03:00 

13.0 

0 

72 

26*4*93:06:00 

14.4 

0 

73 

26*4*93:07:00 

14.2 

23 

73 

26*4*93:08:00 

14,9 

69 

72 

26*4*93:09:00 

13.8 

214 

67 

26*4*93:10:00 

15,9 

250 

62 

26*4*93:11:00 

11.0 

82 

86 

26*4*93: 12*0C 

10.8 

92 

87 

26*4*93:13:00 

10.3 

78 

90 

26*4*93:14:00 

10.3 

74 

88 

26*4*93:13:00 

10,9 

186 

84 

26*4*93:16:00 

11,9 

313 

79 

26*4*93:17:00 

13.3 

428 

70 

26*4*93:18:00 

13.6 

118 

66 

26*4*93:19:00 

12.9 

4 

73 

26*4*93:20:00 

11.9 

0 

83 

26*4*93:21:00 

11.6 

0 

90 

26*4*93:22:00 

12.0 

0 

90 

26*4*93:23:00 

11.9 

0 

91 

lAAOHlTRtC 

VINO 

WIMO 

VlStll- 

PMCtAI 

»  MS  SOM 

SHED 

OIRCCTtON 

tATtON 

(NILUIARS) 

<*/S) 

(OCCXKKS) 

<KN> 

(MN/Nft) 

985 

0.7 

40 

56 

0,00 

985 

1  0 

43 

*0 

0.00 

984 

1.2 

55 

39 

0.00 

984 

2.1 

89 

39 

0,00 

984 

2.2 

93 

38 

0.00 

984 

2.2 

96 

37 

0.00 

984 

2.6 

94 

39 

0.00 

984 

1.9 

108 

40 

0.00 

984 

2.8 

121 

38 

0.00 

964 

3.8 

112 

35 

0.00 

983 

4.0 

lie 

37 

0.00 

983 

3.4 

144 

37 

0.00 

984 

4.4 

148 

36 

0.00 

982 

4,9 

151 

37 

0.00 

981 

4.7 

148 

37 

0.00 

980 

4.8 

149 

38 

0.00 

980 

4.3 

149 

37 

0.00 

980 

4.4 

136 

37 

0.00 

980 

4.0 

164 

38 

0.00 

980 

4.0 

142 

40 

0.00 

980 

3.3 

154 

38 

0.00 

981 

2.7 

139 

40 

0.00 

981 

2.7 

137 

39 

0.00 

981 

3.3 

142 

40 

0.00 

981 

2.0 

126 

38 

0.00 

980 

2.5 

127 

34 

0.00 

980 

1.9 

107 

34 

0.00 

979 

2.6 

113 

34 

0.00 

979 

2.9 

117 

33 

0.00 

979 

3.8 

121 

31 

0.00 

979 

2.8 

116 

30 

0.00 

979 

2.S 

103 

31 

0.00 

980 

2.6 

118 

31 

0.00 

980 

3.2 

126 

32 

0.00 

980 

1.9 

170 

33 

0.00 

981 

3,7 

278 

17 

0.06 

982 

2.7 

277 

16 

0.01 

981 

1.3 

323 

6 

0.42 

981 

0.3 

77 

12 

0,64 

980 

0.9 

13 

48 

0.00 

981 

1.9 

190 

48 

0.00 

960 

1.1 

181 

48 

0.00 

960 

1.2 

226 

48 

0.00 

981 

1.3 

236 

43 

0.09 

982 

1.2 

241 

18 

0.25 

983 

0.7 

171 

41 

0.00 

983 

1.1 

148 

40 

0.00 

984 

1.1 

141 

43 

0.00 
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OAT *  ANO  Ttl# 

AIR 

TE8PER8TURE 

SOUR 

RAO  1 AT IOW 

RCLATtVI 

HUMIDITY 

or  collection 

(Dt*.  C) 

(V/H*2) 

(PERCENT) 

27MAR93:00:00 

11.0 

0 

90 

27HAR93:01:00 

10.7 

0 

79 

27*8*93:02:00 

10.4 

0 

76 

27NAR93:03tOO 

10.0 

0 

74 

2788*93:04:00 

9,1 

0 

81 

27MAR93:05:00 

8.8 

0 

80 

2788*93:06*00 

8.4 

0 

86 

2788*93:07:00 

8.8 

42 

87 

2788*93:06:00 

10.8 

157 

70 

27M*93:0f:OO 

12.7 

458 

56 

2788*93:10:00 

14.1 

659 

49 

2788*93:11:00 

15.3 

818 

41 

2788*93:12*00 

16.5 

925 

36 

2788*93:13:00 

17.2 

913 

37 

2788*93:14:00 

17.2 

589 

37 

2788*93:15:00 

18.1 

680 

34 

27M*93i16:00 

18.4 

594 

34 

2788*93:17:00 

18.2 

381 

32 

2788*93:18:00 

17.6 

130 

33 

2788*93:19:00 

16.3 

7 

41 

2788*93:20:00 

14.9 

0 

55 

2788*93:21:00 

14.4 

0 

50 

2788*93:22:00 

13.1 

0 

54 

2788*93:23:00 

12.2 

0 

56 

28*8*93:00:00 

11.3 

0 

61 

2888*93:01:00 

9.9 

0 

76 

2888*93:02:00 

9.1 

0 

83 

2888*93:03:00 

8.5 

0 

65 

2888*93:04:00 

9.0 

0 

78 

2888*93:05:00 

9.0 

0 

82 

2688*93:06:00 

9.3 

0 

76 

2888*93:07:00 

10.4 

21 

67 

2688*93:08:00 

11.9 

144 

61 

2888*93:09:00 

13.0 

197 

52 

2888*93:10:00 

14.7 

529 

48 

2888*93:11:00 

16.0 

530 

44 

2888*93: 12:00 

17.3 

672 

38 

2888*93:13:00 

18.1 

749 

37 

2888*93:14:00 

19.0 

643 

36 

2888*93: 15:00 

19.3 

709 

34 

2888*93:16:00 

19.3 

525 

34 

2888*93:17:00 

19.3 

333 

29 

2888*93: 18:00 

18.7 

119 

27 

2888*93: 19:00 

17.5 

6 

29 

2888*93:20:00 

16.8 

0 

33 

2888*93:21 zOO 

15,5 

0 

39 

2888*93:22:00 

14.3 

0 

42 

2888*93:23:00 

13.9 

0 

47 

lARCMtTIMC 

Wl  HO 

UIHO 

VISIBI¬ 

MBCIPI 

muuM 

SKIO 

DIRECTION 

LITY 

TAT  ION 

(MILLIIAR8) 

(M/S) 

(DECREES) 

<KM> 

(MM/HR ) 

984 

1.0 

181 

43 

0.00 

984 

0.7 

235 

44 

0.00 

984 

0.5 

237 

47 

0.00 

984 

0.2 

293 

45 

0.00 

985 

0.6 

157 

42 

0.00 

985 

0.1 

119 

40 

0.00 

985 

0.7 

73 

38 

0.00 

966 

0.8 

58 

37 

0.00 

987 

0.2 

191 

35 

0.00 

987 

1.7 

248 

35 

0.00 

988 

3.3 

248 

39 

0.00 

988 

3.7 

256 

40 

0.00 

987 

4.1 

245 

43 

0.00 

987 

4.2 

231 

43 

0.00 

986 

3.4 

257 

44 

0.00 

966 

3.4 

246 

43 

0.00 

986 

4.0 

219 

42 

0.00 

986 

3.3 

205 

41 

0.00 

966 

2.2 

224 

43 

0.00 

986 

1.4 

220 

42 

0.00 

986 

0.4 

196 

40 

0.00 

987 

1.9 

268 

39 

0.00 

987 

0.0 

255 

36 

0.00 

987 

0.4 

287 

34 

0.00 

986 

0.1 

6 

33 

0.00 

986 

0.4 

47 

30 

0.00 

986 

0.5 

52 

29 

0.00 

985 

0.7 

35 

29 

0.00 

985 

0.7 

36 

32 

0.00 

985 

0.2 

106 

30 

0.00 

965 

0.8 

104 

31 

0.00 

985 

0.7 

65 

33 

0.00 

985 

0.7 

141 

34 

0.00 

986 

2.0 

135 

34 

0.00 

985 

1.7 

138 

35 

0.00 

985 

2.0 

184 

35 

0.00 

985 

1.5 

208 

36 

0.00 

984 

2.6 

224 

39 

0.00 

983 

3.2 

216 

42 

0.00 

963 

3.4 

235 

43 

0.00 

982 

2.7 

259 

42 

0.00 

982 

2.1 

266 

45 

0.00 

981 

3.1 

278 

44 

0.00 

981 

2.7 

279 

42 

0.00 

981 

2.8 

272 

44 

0.00 

982 

3.0 

305 

44 

0.00 

962 

3.4 

325 

47 

0.00 

982 

2.0 

295 

47 

0.00 

Appendix  B  Summary,  Meteorological  Data 


A|* 

3016* 

ftlUTIVt 

IA*G*8TRIC 

UtNO 

WtNO 

VI Sill  - 

6*ICl*t 

Mr i  am  f\m 

rt**fHru*t 

RAO  1  AH  ON 

NUMtot  rr 

SMID 

01  MOTION 

UTY 

fATtON 

or  coLiccriON 

(0*9 4  C) 

<U/H“2) 

oficinn 

(NUUIACf) 

(H/S) 

(010*111) 

(**) 

(*M/H* ) 

muffstootoo 

13.7 

0 

50 

982 

1.7 

285 

48 

0.00 

29*6*93:01 1 00 

13.3 

0 

53 

982 

t.t 

284 

49 

0.00 

29*6*93:02:00 

12.4 

0 

41 

982 

0.5 

189 

49 

0.00 

29*6*93:03:00 

11.1 

0 

68 

983 

0.3 

181 

49 

0.00 

29*6*91:04:00 

10.0 

0 

73 

983 

0.5 

326 

47 

0.00 

29*6*93:09:00 

9.4 

0 

73 

983 

0.7 

330 

45 

0.00 

29*6*93:06:00 

8.4 

0 

80 

984 

0.9 

6 

41 

0.00 

zmm fiior*oo 

8.5 

49 

82 

984 

0.4 

49 

40 

0.00 

29*6*93:08:00 

11.4 

243 

67 

983 

1.0 

245 

42 

0.00 

29*6*93:09:00 

13.3 

463 

50 

983 

1.9 

267 

43 

0.00 

29*6*93:  10:00 

1S.0 

639 

42 

986 

1.7 

268 

46 

0.00 

29*6*93:  IllOO 

14.7 

813 

36 

986 

2.3 

298 

47 

0.00 

*9*6*93:12:00 

17.8 

902 

33 

986 

2.3 

247 

46 

0.00 

29*6*93:  13:00 

18.6 

913 

29 

983 

1.3 

282 

47 

0.00 

29*6*93:  Hi  00 

19.7 

843 

26 

983 

1.4 

274 

47 

0.00 

29*6*93:13:00 

20.6 

743 

23 

984 

2.0 

233 

47 

0.00 

29*6*93:16:00 

21.0 

574 

26 

984 

2.4 

244 

46 

0.00 

29*6*93: 17:00 

20.1 

360 

28 

964 

2.4 

21? 

46 

0.00 

29*6*93:10:00 

20.3 

139 

28 

984 

2.7 

233 

46 

0.00 

29*6*93:19:00 

19.0 

9 

31 

984 

3.0 

217 

47 

0.00 

29*6*93:20:00 

17.8 

0 

36 

963 

1.4 

212 

46 

0.00 

29*6*93:21:00 

16.4 

0 

43 

986 

0.2 

199 

43 

0.00 

29*6*93:22:00 

13.8 

0 

46 

966 

0.7 

238 

43 

0.00 

29*6*93:23:00 

14.9 

0 

53 

967 

1.1 

263 

43 

0.00 

30*6*93:00:00 

13.4 

0 

63 

967 

1.0 

1 

42 

0.00 

30*6*93:01 :00 

12.8 

0 

47 

967 

1.2 

8 

42 

0.00 

30*6*93:02:00 

12.5 

0 

68 

968 

1.2 

5 

42 

0.00 

30*1*93:03:00 

12.1 

0 

70 

987 

1.3 

11 

42 

0.00 

30*0193:04:00 

11.2 

0 

73 

987 

1.1 

37 

40 

0.00 

30*0*93:03:00 

11.0 

0 

73 

987 

0.9 

29 

41 

0,00 

30*1*93x06:00 

10,3 

0 

73 

968 

1.0 

39 

41 

0.00 

30*1*93:07:00 

10.7 

36 

72 

968 

1.0 

29 

43 

0.00 

30*6*93:08:00 

13.2 

247 

33 

989 

C.7 

41 

43 

0.00 

30*6*93:09:00 

17.7 

460 

41 

989 

0.3 

193 

43 

0.00 

30*6*93:10:00 

18.9 

636 

35 

989 

1.3 

200 

43 

0.00 

30*6*93:11:00 

20.1 

807 

33 

989 

1.6 

212 

45 

0.00 

30*6*93:12:00 

21.2 

897 

31 

989 

1.6 

238 

43 

0.00 

30*6*93:13:00 

22.1 

915 

30 

968 

2.0 

227 

44 

0.00 

30*6*93:14:00 

23.2 

839 

29 

987 

1.7 

238 

43 

0.00 

30*6*93:13:00 

24.0 

740 

28 

987 

2.0 

232 

42 

0.00 

30*6*93:16:00 

24.4 

568 

28 

966 

2.1 

229 

43 

0.00 

30*6*93:17:00 

24,3 

360 

28 

966 

1,9 

224 

44 

0.00 

30*6*93:18:00 

24.0 

141 

28 

966 

1.7 

229 

44 

0.00 

30*6*93:19:00 

22.6 

9 

32 

966 

1.2 

227 

42 

0.00 

30*6*93:20:00 

20.8 

0 

41 

966 

0.1 

216 

41 

0.00 
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0.00 

981 

2.1 

233 

37 

0.00 

980 

2.0 

235 

37 

0.00 

980 

2.3 

220 

38 

0.00 

980 

1.8 

217 

37 

0.00 

980 

0.4 

189 

34 

0.00 

981 

0.5 

260 

31 

0.00 

981 

1.1 

246 

34 

0.00 

962 

2.1 

245 

39 

0.00 

982 

1.4 

241 

35 

0.00 

982 

0.3 

45 

39 

0.00 

981 

0.5 

89 

40 

0.00 

981 

0.6 

66 

40 

0.00 

981 

0.8 

37 

39 

0.00 

981 

0.9 

35 

35 

0.00 

981 

0.8 

55 

33 

0.00 

982 

0.7 

48 

32 

0.00 

962 

0.8 

224 

30 

0.00 

982 

1.3 

248 

26 

0.00 

983 

1.8 

241 

26 

0.00 

982 

2.0 

253 

31 

0.00 

982 

2.7 

240 

32 

0.00 

981 

3.2 

242 

31 

0.00 

961 

3.0 

232 

32 

0.00 

980 

3.5 

215 

33 

0.00 

979 

3.4 

228 

33 

0.00 

979 

4.3 

218 

30 

0.00 

978 

4.1 

220 

34 

0.00 

978 

3.5 

226 

33 

0.00 

979 

2.7 

239 

28 

0.00 

979 

2.3 

226 

27 

0.00 

960 

1.3 

232 

29 

0.00 

980 

1,1 

234 

31 

0.00 
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419 

SOLAR 

«uriv€ 

lARCNETRIC 

WINO 

W(  NO 

VISIBI¬ 

PRCCIPI 

oArt'AM)  nm 

rtft9CAArU9t 

*401  ATI  ON 

HUMIDITY 

PRESSURE 

SPEED 

oirection 

LITY 

TATtON 

of  couccrioH 

(0*9.  C) 

(W/IT2) 

(PERCENT  ) 

<MUL(I6RS) 

(M/S) 

(DEGREES) 

(NH/HRJ 

1440693:00:00 

13,5 

0 

'2 

980 

0.7 

33 

46 

0.00 

1440693:01  :00 

14.0 

0 

12 

980 

1.3 

15 

49 

0.00 

1440693:02:00 

13,1 

0 

14 

980 

0.6 

3 

49 

0.00 

1440693:03:00 

10.9 

0 

17 

980 

0.5 

53 

49 

0.00 

tum3:iHioo 

10.0 

0 

18 

980 

0.6 

40 

49 

0.00 

1440693:05:00 

11.5 

0 

15 

980 

1.5 

19 

49 

0.00 

1440693:06:00 

11.0 

4 

17 

981 

1.0 

356 

46 

0.00 

1440693:07:00 

12.8 

119 

!7 

982 

1.4 

344 

47 

0.00 

1440693:08:00 

16.9 

339 

14 

982 

2.3 

326 

43 

0.00 

1440693:09:00 

20.2 

560 

11 

983 

3.4 

332 

43 

0.00 

1440693:10:00 

22.6 

757 

9 

983 

4.1 

329 

43 

0.00 

1440693:11:00 

24.2 

900 

7 

983 

2.9 

332 

45 

0.00 

1440693:12:00 

25.4 

970 

6 

982 

3.0 

327 

47 

0.00 

109993:13:00 

26.3 

982 

5 

982 

2.7 

306 

45 

0.00 

109993:14:00 

26.8 

927 

4 

981 

2.4 

273 

46 

0.00 

109993:15:00 

27.6 

798 

4 

961 

3.0 

302 

45 

0.00 

109993:16:00 

27.9 

615 

4 

980 

2.9 

300 

43 

0.00 

109993:17:00 

27.7 

399 

4 

980 

2.9 

293 

44 

0.00 

109993:10:00 

27.4 

173 

4 

960 

2.1 

306 

44 

0.00 

109993:19:00 

25.4 

14 

8 

980 

1.5 

249 

42 

0.00 

109993:20:00 

22.8 

0 

12 

980 

1.2 

212 

37 

0.00 

109993:21:00 

20.7 

0 

16 

981 

0.4 

165 

39 

0.00 

109993:22:00 

17,7 

0 

20 

982 

0.9 

55 

40 

0.00 

109993:23:00 

17.6 

0 

20 

982 

0.3 

56 

40 

0.00 

1SA9993:00:00 

17.8 

0 

27 

982 

0.9 

232 

34 

0.00 

15A9993:01 :00 

16.4 

0 

31 

983 

0.6 

23 

31 

0.00 

15A9993:02:00 

15.1 

0 

32 

983 

0.6 

41 

36 

0.00 

13A9993:03:00 

13.5 

0 

35 

982 

0.9 

40 

40 

0.00 

1369993:04:00 

12.9 

0 

38 

982 

1.1 

47 

39 

0.00 

1349993:05:00 

13.1 

0 

40 

982 

1.4 

55 

36 

0.00 

1549993:06:00 

12.9 

5 

41 

983 

1.4 

53 

34 

0.00 

1549993:07:00 

15.1 

117 

37 

983 

1.2 

65 

34 

0.00 

1349993:08:00 

19.6 

334 

28 

983 

1.6 

130 

36 

0.00 

1569993:09:00 

21.4 

547 

24 

964 

2.4 

126 

36 

O.Ofl 

1549993:10:00 

23,1 

734 

21 

984 

2.5 

144 

36 

0.00 

1549993:11:00 

24.8 

876 

18 

984 

2.2 

143 

36 

0.00 

1549993:12:00 

26.4 

925 

14 

983 

2.3 

163 

37 

0.00 

1549993:13:00 

27,3 

845 

12 

982 

2.5 

180 

37 

0.00 

1549993:14:00 

27.9 

889 

13 

981 

3.2 

222 

37 

0.00 

1549993:15:00 

28.4 

713 

12 

961 

3.0 

228 

37 

0.00 

1549993:16:00 

28.2 

448 

12 

980 

3.4 

233 

37 

0.00 

1549993:17:00 

27.2 

146 

14 

980 

3.0 

233 

40 

0.00 

1349993:18:00 

26.6 

76 

15 

980 

3.2 

236 

36 

0.00 

1549993:19:00 

25.9 

6 

14 

960 

2,9 

243 

25 

0.00 

1549993:20:00 

24.7 

0 

16 

981 

2.3 

236 

19 

0.00 

1549993:21:00 

23.5 

0 

20 

961 

2.0 

241 

29 

0.00 

1549993:22:00 

22.5 

0 

25 

982 

1.3 

249 

15 

0.00 

1549993:23:00 

21.2 

0 

25 

982 

0.5 

263 

14 

0.00 

Appendix  B  Summary,  Meteorological  Data 


B17 


AIR 

SOLAR 

RELATIVE 

•AROMETRIC 

VINO 

UINO 

VISI8I * 

PRECIPI - 

OATK  ANO  TlHf 

TEMPERATURE 

RADIATION 

HUMIDITY 

PRESSURE 

SPEED 

01  RECTI  ON 

LITY 

TATION 

OP  collection 

(Oh*  C) 

(U/M*2) 

(PERCENT) 

(MILLllARS) 

<M/S> 

(OEQftEES) 

(KM) 

(MM/HR) 

16APR93;00:00 

19.5 

0 

26 

982 

0.8 

24 

21 

0.00 

16APt93:01:00 

18.5 

0 

25 

982 

0.6 

26 

25 

0.00 

16APt93:02:00 

16.5 

0 

27 

982 

0.6 

46 

22 

0.00 

1MM93t03tOO 

14.7 

0 

28 

962 

0.9 

49 

21 

0.00 

14AP*93:04:00 

14.0 

0 

30 

962 

0.9 

36 

18 

0.00 

16APft93x05:00 

13.4 

0 

31 

983 

0.6 

30 

17 

0.00 

16AP*93:06:00 

13.3 

6 

31 

963 

1.1 

41 

17 

0.00 

16APft93:07:00 

16.8 

116 

24 

964 

1.0 

20 

20 

0.00 

16AMt93:08:00 

21.2 

329 

20 

964 

1.3 

332 

37 

0.00 

16APt93i09:00 

23.7 

543 

19 

964 

1.1 

315 

36 

0.00 

16APft93:10:00 

26.3 

737 

15 

964 

1.9 

344 

30 

0.00 

1«WM3:11:00 

27.4 

875 

14 

964 

1.6 

316 

38 

0.00 

1MM93:12:00 

28.0 

942 

13 

984 

1.4 

271 

40 

0.00 

1«AMW3: 13:00 

28.7 

960 

11 

964 

1.6 

278 

40 

0.00 

16APR93: 14:00 

29.2 

905 

11 

963 

1.9 

241 

39 

0.00 

16AP*93:15:00 

29.6 

776 

11 

963 

1.7 

247 

40 

0.00 

16APR93: 16:00 

29.9 

594 

10 

9f7 

2.9 

219 

40 

0.00 

1MM93:17:00 

29.6 

392 

10 

2 

2.6 

223 

39 

0.00 

16APR93: 18:00 

28.9 

169 

10 

962 

2.9 

234 

38 

0.00 

16APR93: 19:00 

27.2 

13 

6 

983 

1.7 

219 

39 

0.00 

16APR93:20:00 

25.1 

0 

10 

963 

0.6 

234 

22 

0.00 

16APR93:21:00 

23.4 

0 

17 

964 

0,3 

245 

5 

0.00 

16APR93:22:00 

22.5 

0 

22 

965 

1.5 

218 

22 

0.00 

14«M93:23:00 

21.5 

0 

30 

985 

2.0 

231 

28 

0.00 

17APR93:00:00 

20.4 

0 

34 

98 6 

1.3 

229 

33 

0.00 

17APR93:01:00 

18.8 

0 

39 

986 

0.6 

41 

33 

0.00 

17APR93:02:00 

17.4 

0 

41 

986 

1.3 

66 

33 

0.00 

17AP*93:Q3:00 

17.0 

0 

41 

966 

1.0 

75 

34 

0.00 

17APR93:04:00 

16.2 

0 

42 

986 

1.2 

63 

34 

0.00 

17APR93:05:P0 

15.6 

0 

43 

966 

1.2 

59 

33 

0.00 

17AM93:06:00 

15.5 

6 

42 

966 

1.2 

56 

33 

0.00 

17APR93:07:00 

17.1 

121 

39 

987 

0.4 

7 

33 

0.00 

17APR93:08:00 

21. 7 

335 

29 

988 

1.5 

136 

35 

0.00 

17AM93:09:00 

23.9 

547 

24 

988 

1.2 

141 

37 

0.00 

17APt93: 10:00 

25.6 

690 

20 

968 

1.1 

146 

38 

0.00 

17AP893: 11:00 

27.3 

878 

17 

988 

1.9 

176 

40 

0.00 

17APR93: 12:00 

28.5 

946 

14 

967 

2.6 

191 

37 

0.00 

17APR93: 13:00 

29.3 

962 

13 

967 

3.4 

225 

39 

0.00 

17AM93:K:00 

30.2 

911 

11 

986 

2.7 

214 

40 

0.00 

17APR93: 15:00 

31.0 

789 

10 

966 

3.6 

216 

40 

Q.OO 

|  17APR93: 16:00 

31.2 

613 

10 

985 

4.0 

229 

40 

0.00 

17API93: 17:00 

30.9 

393 

12 

985 

3.6 

234 

42 

0,00 

17AM93: 18x00 

29.6 

111 

14 

985 

3.2 

237 

41 

0.00 

17APR93: 19:00 

28.3 

17 

16 

965 

2,6 

218 

42 

0.00 

17APR93:20:00 

26.5 

0 

18 

985 

1.4 

210 

40 

0.00 

17AH93:21:00 

25.6 

0 

19 

986 

1.9 

216 

38 

0.00 

17APR93:22:00 

24.9 

0 

24 

966 

2.7 

229 

35 

0.00 

17APH93:23:00 

24.1 

0 

21 

986 

2.9 

253 

36 

0.00 
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OATI  AND  tlNC 
Of  COUICTtOM 

16A**93:00:00 

I8A**93:01 :00 

;8At*95:02:00 

tIAfmtOSlOO 

\$mmoitoo 

18AMV3:05:00 

W«93l04i00 

18A**f3i07:00 

16At*f3i08:00 

18A**93:O*t00 

186*199:  10:00 

18*6*93:11:00 

18*6*93:12:00 

18*6*93:13:00 

18*6*93:  Hi  00 

18*6*93:15:00 

18*6*93:16:00 

18*6*93:17:00 

18*6*93:18:00 

18*6*93:19:00 

18*6*93:20:00 

18*6*93:21:00 

1*1*93:22:00 

1*9*93:23:00 

19*9*93:00:00 

19*9*93:01:00 

19*9*93:02:00 

19*9*93:03:00 

19*9*93:04:00 

19*9*93:05:00 

19*9*93:06:00 

19*9*93:07:00 

19*9*93:08:00 

19*9*93:09:00 

19*9*93:10:00 

19*9*93:11:00 

19*9*93:12:00 

19*9*93:13:00 

19*9*93:14:00 

19*9*93:15:00 

19*9*93:16:00 

19*9*93:17:00 

19*9*93:18:00 

19*9*93:19:00 

19*9*93:20:00 

19*9*93:21:00 

19*9*93:22:00 

19*9*93:23:00 


Al* 

r**9f**ruM 

(0*f.  C) 


$01 A  A 
EAOIATtON 

CW/*T2) 


ftCUMVC 

HUMIDITY 

(HftCCNO 


•A90MCTA 1 C 

wtNO 

W 1  NO 

Vt  Silt 

MISSUAC 

S6CED 

otttcrioN 

UTY 

(MIUIIAAS) 

(M/S) 

(DCQ6EES) 

(KM) 

966 

1.6 

276 

36 

966 

0.5 

189 

35 

965 

2.1 

255 

36 

965 

0.7 

264 

34 

965 

1.5 

269 

37 

965 

0.4 

227 

37 

965 

0,4 

75 

38 

966 

0.3 

214 

36 

966 

r.4 

283 

32 

965 

1.5 

226 

31 

965 

1.2 

301 

32 

965 

2.0 

284 

34 

964 

2.3 

262 

33 

963 

2.6 

265 

34 

962 

3.1 

258 

36 

961 

2.6 

259 

36 

960 

2.6 

245 

35 

960 

3.0 

232 

33 

979 

3.0 

239 

33 

979 

2.9 

231 

33 

960 

1.1 

233 

34 

961 

0.6 

240 

34 

981 

0.5 

324 

34 

981 

0.6 

62 

34 

981 

0.6 

50 

34 

981 

0.8 

11 

35 

981 

0.9 

344 

38 

981 

2.1 

334 

40 

981 

2.5 

345 

40 

981 

2.6 

346 

40 

982 

4.1 

340 

39 

982 

4.9 

342 

38 

983 

6.0 

344 

35 

983 

6.6 

346 

31 

964 

6.3 

345 

39 

985 

5.9 

346 

42 

964 

5.6 

347 

42 

984 

5.3 

349 

44 

983 

4.8 

354 

44 

982 

3.8 

4 

44 

982 

3.9 

3 

44 

981 

4.0 

340 

44 

982 

4.6 

336 

a 

982 

3.5 

334 

47 

962 

2.8 

332 

48 

983 

1.2 

353 

48 

983 

1.3 

12 

48 

964 

1.0 

14 

49 

9**CI9| • 
TAMOM 
(MM/M*) 
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88S88888888S8888S88888888S88SSS8SSSS8SSSSS88SS88 


DATE  AMO  TIME 

AIN 

TENPENATUNE 

SOLAN 

RAO  (Afl  ON 

NCurtVE 

HUMID  f  TY 

OF  COLLECTION 

C) 

<U/M*2) 

(PfNCGNT) 

20AP«93:00:00 

17.3 

0 

a 

20APt93:01:00 

16.4 

0 

to 

WAPt93:02:00 

15.8 

0 

ii 

20APN93:03t00 

16.6 

0 

ii 

20APN93iO4i0O 

15.7 

0 

12 

20APN93:05:0P 

15.4 

0 

13 

20APN93:06:00 

16.2 

9 

15 

20AP*93:07:00 

17.4 

157 

13 

2QAP*93:08i00 

21.0 

392 

1C 

20APt93tO9i00 

23.6 

528 

6 

20APt93:10t00 

25. 5 

767 

6 

20APN93(  11:00 

27.6 

901 

5 

20AP*93:12:00 

29.4 

970 

4 

20APN93: 13:00 

31.0 

905 

4 

20APt93t 14:00 

31.9 

933 

3 

20APN93* 15:00 

32.9 

804 

3 

20APN9J:16:00 

33.4 

617 

3 

20APN93:17:00 

33.5 

413 

3 

20APN93: 18:00 

33.2 

194 

3 

20APN93: 19:00 

31.4 

24 

5 

2OAPN93:2O:0O 

28.0 

0 

3 

20AP*93;21 :00 

23.9 

0 

12 

20APN93:22:00 

22.2 

0 

14 

20APft93:23:00 

20.9 

0 

16 

21APt93:00:00 

19.5 

0 

16 

21APN93:01:00 

19,1 

0 

16 

21APN93:02:00 

18.0 

0 

16 

21APff93:03:00 

18,5 

0 

18 

2UPt93:04:00 

18.9 

0 

17 

21AP*93:05:00 

18,1 

0 

18 

21APN93:06:00 

16.6 

9 

20 

21APt93:U7:00 

20.6 

142 

17 

21APN93:08:00 

26.0 

367 

12 

21APN93:09:00 

28.1 

581 

10 

21APN93: 10:00 

31.0 

780 

7 

21APN93: 11:00 

32.7 

906 

5 

<1APN93: 12:00 

33.5 

979 

4 

21APN93: 13:00 

34.4 

989 

4 

21 APN93: 14:00 

35.1 

937 

4 

21A7R93: 15:00 

35.7 

813 

3 

21APN93: 16:00 

35,7 

628 

4 

21AM93: 17:00 

35.5 

415 

5 

21APN93: 18:00 

34.8 

194 

4 

21APN93: 19:00 

33.0 

23 

4 

21APN93: 20:00 

30.3 

0 

7 

21APN93:21:00 

28.6 

0 

9 

21AW93:22:00 

24.0 

0 

13 

2lAPff93:23:00 

23.5 

0 

14 

•ANOMtTNtC 

UINO 

UINO 

VISIBI¬ 

PNICIPI 

PNISSUNE 

SPEED 

OINECTIOH 

LITY 

TATtON 

(NILLIIANS) 

<N/S) 

(DEGREES) 

two 

(W4/HN) 

984 

0.8 

1 

48 

0.00 

964 

1.4 

8 

49 

0.00 

964 

1.6 

356 

49 

0,00 

964 

2.4 

350 

49 

0.00 

964 

1.8 

3 

49 

0.00 

964 

1.2 

351 

49 

0.00 

965 

1.0 

47 

49 

0.00 

986 

0.5 

63 

48 

0.00 

966 

1.1 

139 

47 

0.00 

967 

1.0 

201 

47 

o.oo 

967 

1.1 

245 

42 

0.00 

967 

0.6 

244 

38 

0.00 

967 

0.8 

24S 

42 

0.00 

966 

1.0 

234 

43 

0.00 

965 

1.2 

243 

44 

0.00 

964 

1.2 

192 

45 

0.00 

964 

0.9 

165 

46 

0.00 

964 

0.9 

221 

45 

0.00 

964 

1.7 

265 

45 

0.00 

964 

1.4 

267 

46 

0.00 

964 

0.1 

250 

46 

0.00 

965 

0.8 

48 

43 

0.00 

966 

0.8 

54 

40 

0.00 

966 

1.0 

49 

40 

0.00 

966 

1.1 

44 

40 

0.00 

966 

1.1 

41 

43 

0,00 

965 

1.1 

46 

47 

0.00 

965 

1.4 

34 

48 

0.00 

965 

1.6 

39 

48 

0.00 

985 

1.4 

43 

48 

0.00 

965 

1.2 

60 

48 

0.00 

986 

0.7 

79 

47 

0.00 

986 

1.8 

143 

44 

0.00 

986 

2.4 

145 

45 

0.00 

986 

2.4 

151 

45 

0.00 

966 

2.7 

166 

45 

0.00 

966 

2.2 

179 

46 

0.00 

965 

1.5 

181 

45 

0.00 

985 

2.0 

207 

44 

0.00 

964 

1.9 

223 

44 

0.00 

963 

2.6 

•  216 

42 

0.00 

963 

2.4 

221 

42 

0.00 

962 

2.5 

242 

41 

0.00 

982 

1.4 

247 

27 

0.00 

982 

0.4 

234 

12 

0.00 

982 

0.1 

14 

23 

0.00 

983 

0.9 

41 

26 

0.00 

983 

0.4 

40 

33 

0.00 

B20 


Appendix  B  Summary,  Meteorological  Data 


All 

SOU* 

•iLArive 

OATC  AMO  MM 

rCM766*rU6| 

MOMTIOM 

HUMIDITY 

OF  COUKTtON 

(06«.  C) 

(W/N*2) 

(PtlCtNT) 

22*tt93:X*X 

24.6 

a 

15 

22AAt93:01  :00 

23.4 

0 

17 

22Att93*Q2:X 

20.7 

0 

22 

22*At93:03:X 

19.4 

0 

25 

22AW93*0A*X 

16.0 

0 

27 

22AM*93jOStX 

16.7 

0 

27 

22AffW3t06tX 

16.6 

13 

27 

22Aft93*07:X 

21,9 

142 

23 

22*Mft93:X:X 

23.6 

297 

17 

22AM*93t09»X 

26.6 

436 

14 

22*m3*10tX 

28.1 

621 

11 

22APt93*11:X 

30.0 

778 

6 

22AFM93: 12:00 

31.3 

658 

7 

22AW93*  13*00 

32.1 

684 

6 

22*6693:  14*X 

32.7 

672 

7 

22*6693*  15*X 

32.0 

506 

8 

22*6693:  16*X 

32.1 

472 

7 

22*6693*  17:X 

31.5 

275 

6 

22*6693: 10:00 

31.2 

201 

10 

22*6693: 19:X 

30.0 

34 

12 

22A6693:20*X 

27.6 

0 

16 

22*6693:21:X 

23.6 

0 

14 

22*6693: 22  :X 

23.5 

0 

18 

22A6t93:23:X 

21.4 

0 

20 

23*6693 : 00 : 00 

19.6 

0 

22 

23APt93:01 :00 

20.1 

0 

20 

23*6693: 02 :X 

18.0 

0 

24 

23*6693:03:X 

16.2 

0 

30 

23*6693: 04  :X 

15,6 

0 

34 

23*6693:05:00 

13.5 

0 

36 

23*6693:06:X 

12.2 

11 

41 

23APt93:07:00 

15.8 

138 

35 

23*6693:08:00 

16.3 

352 

31 

23A6693:09:X 

21.4 

571 

26 

23*6693: 10:X 

23.3 

762 

22 

23A6693:11:X 

25.1 

902 

18 

23*6693: 12:00 

26.4 

966 

15 

23A6693:13:W 

27.5 

982 

12 

23APft93:H: 

26.7 

929 

11 

23*6693 

29.7 

603 

11 

23*6693: 16:00 

29.7 

623 

12  , 

23AM93: 17:00 

29,7 

412 

12 

23*6693: 18:00 

29.0 

192 

11 

23*7693:19:00 

27.6 

26 

14 

23*7693:20:00 

26.0 

0 

19 

23*7693:21:00 

24.2 

0 

21 

23*7693:22:00 

22.4 

0 

22 

23*7693:23:00 

20.4 

0 

28 

ftAftCNCTfttC 

W1NO 

WtMO 

mill- 

Attain 

PRCSSUtf 

swto 

01  MOTION 

UTY 

r AT  ION 

(HIlUIAtS) 

(M/S) 

(OEGICtS) 

(KM) 

(MM/Nt) 

963 

0.3 

266 

24 

0.00 

963 

0.7 

47 

34 

0.00 

962 

1.3 

61 

32 

0.00 

962 

0.9 

43 

34 

0.00 

961 

0.9 

53 

37 

0.00 

961 

1.2 

66 

37 

0.00 

961 

1.2 

70 

36 

o.x 

962 

0.7 

102 

40 

o.x 

962 

0.9 

175 

42 

o.x 

962 

1.9 

206 

39 

o.x 

962 

2.3 

243 

41 

o.x 

962 

2.5 

265 

43 

o.x 

962 

2.8 

233 

45 

o.x 

961 

3.2 

223 

44 

o.x 

960 

3.3 

224 

40 

o.x 

960 

3.9 

227 

45 

o.x 

979 

3.6 

221 

47 

o.x 

979 

3.9 

221 

47 

o.x 

978 

3.3 

230 

45 

o.x 

978 

2.4 

231 

37 

0.00 

978 

2.0 

242 

31 

o.x 

979 

2.3 

235 

24 

o.x 

979 

0.7 

240 

18 

o.x 

979 

0.6 

175 

27 

o.x 

979 

0.6 

260 

26 

o.x 

979 

1.5 

247 

36 

o.x 

979 

1.0 

194 

31 

o.x 

978 

1.0 

221 

31 

O.x 

978 

1.3 

241 

32 

o.x 

979 

0.5 

33 

33 

o.x 

979 

1.2 

49 

33 

o.x 

979 

0.3 

7 

33 

o.x 

960 

1.6 

281 

31 

o.x 

960 

2.4 

320 

34 

o.x 

960 

2.4 

309 

35 

o.x 

960 

1,9 

304 

37 

o.x 

960 

1.9 

280 

36 

0.00 

979 

2.2 

272 

37 

o.x 

979 

2.2 

262 

37 

o.x 

978 

2.9 

234 

36 

o.x 

977 

3.6 

221 

36 

o.x 

976 

4.5 

221 

34 

o.x 

977 

4.7 

222 

36 

o.x 

977 

4.0 

224 

31 

o.x 

977 

3.7 

236 

26 

o.x 

978 

3.9 

243 

23 

o.x 

979 

4.2 

246 

24 

o.x 

979 

2.3 

236 

23 

o.x 

Appendix  B  Summary,  Meteorological  Data 


B21 


DATE  AMO  TIM 
OR  COLLECTION 

24AP*93:00:00 
24APR93:01 :00 
24APR93*02jOO 
24AP*93:03:00 
24APt93:04:00 
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Appendix  C 

U.S.  Army  Engineer  Waterways 
Experiment  Station  Soil 
Moisture  Data  from  Sites  A,  B, 
C,  D,  E,  and  F  During  Yuma  1 
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Daily  Soil  Moisture  Results  for  Site  C 
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Daily  Soil  Moisture  Results  for  Site  D 


14  - 


Troxler  - Speedy . Oven 


Appendix  C  Soil  Moisture  Data 


07 


Daily  Soil  Moisture  Results  for  Site  F 
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Temperature  Histogram 
Distribution  of  IR  Imagery 
Collected  at  Yuma  1 
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(10,316  TEMPERATURE  VALUES) 
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WESTERN  AREA,  LWB,  DIURNAL  1  (24MAR93) 
CREOSOTE  BUSH  FEATURE  (2,345  TEMPERATURE  VALUES) 
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WESTERN  AREA,  SWB.  DIURNAL 
GRASSY  AREA  FEATURE  (10,316  T 


WESTERN  AREA,  SWB,  DIURNAL  i  (24MAR93) 
CATCLAW  TREE  FEATURE  (18,535  TEMPERATURE  VALUES) 
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WESTERN  AREA,  SWB,  DIURNAL  1  (24MAR93) 
CREOSOTE  BUSH  FEATURE  (2,345  TEMPERATURE  VALUES) 
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EASTERN  AREA,  LWB,  DIURNAL  1  (24MAR93) 

DEAD  PALO  VERDE  TREE  FEATURE  (698  TEMPERATURE  VALUES) 
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EA,  LWB,  DIURNAL  1  (24MAR93) 
FEATURE  (5,577  TEMPERATURE  VALUES) 


EASTERN  AREA,  LWB,  DIURNAL  1  (24MAR93) 
GRASS-BARESOIL  AREA  FEATURE  (25,774  TEMPERATURE  VALUES) 
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EASTERN  AREA,  LWB,  DIURNAL  I  (24MAR93) 

SAGE  BUSH  FEATURE  (13,965  TEMPERATURE  VALUES) 
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EA,  SWB,  DIURNAL  1  (24MAR93) 
FEATURE  (5,577  TEMPERATURE  VALUES) 
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EASTERN  AREA,  SBB,  DIURNAL  1  (24MAR93) 
GRASS-BARESOIL  AREA  FEATURE  (25,774  TEMPERATURE  VALUES) 
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Image  Metrics  and  1-min 
Meteorological  Data  (from  ARL 
Stations  C  and  E)  During 
Diurnal  1  (24MAR93)  at  Yuma  1 
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